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Abstract
The purpose of this quantitative study was to examine data describing nitrate
concentration and cases of congenital cardiac defects. Residents with private wells and
other stakeholders need data to make informed environmental decisions about the adverse
health implications of nitrate contamination of private well water. Researchers have
examined the exposure of nitrate in contaminated groundwater, but they have not
examined nitrate levels in unregulated water systems. This gap in the literature
highlighted the need to provide nitrate data for future research and private well users.
Guided by the social ecological model, a quantitative, cross-sectional, nonexperimental
design was used to survey 231 adult participants about community perceptions of
stakeholders’ collaboration about groundwater and the sustainability of private water
wells. Multiple linear regression was used to test the hypotheses. Survey results showed
that gender, age group, and distance from animal waste sites or farmland were associated
with barriers to community collaboration to achieve groundwater sustainability. Use of
private wells for irrigation and distance from animal waste sites or farmland were
associated with community members’ perceptions of community collaboration to achieve
groundwater sustainability. Community perceptions and barriers to stakeholders’
collaboration were not affected by any demographic factors. The data will facilitate the
design and implementation of effective public health outreach services for private well
users. The implications for positive social change include increased understanding of
stakeholders’ perceptions of private well nitrate contamination and reduction of the risk
factors for birth defects.
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Chapter 1: Introduction to the Study
Introduction
Researchers have examined exposure to contaminated groundwater, but they have
not examined nitrate levels in unregulated water systems. Many infants born with such
defects as congenital cardiac defects, central nervous system (CNS) malformation, neural
tube defects, and abdominal wall defects (Arbuckle, 1988; Brender, Olive, Felkner,
Suarez, Marckwardt, et al., 2004; Croen, Todoroff, & Shaw, 2001; Mattix, Winchester, &
Scherer, 2007) have medical conditions replete with challenges.
Potential threats to groundwater quality are a public health concern that could
affect the health of a community, especially in rural areas, where it is not common
practice for private well users to test for contaminants (DeSimone, 2009; Embrey &
Runkle, 2006). For instance, the United States has no universal standards for testing
private wells (Imgrund, Kreutzwiser, & de Loë, 2011), even in real estate transactions
(Hoppe, Harding, Staab, & Counter, 2011; Rogan & Brady, 2009). The American Water
Works Association and the Groundwater Water Association have programs that
recommend routine testing for private well users.
Although individual states have standards for testing private wells for
environmental contaminants, many governmental jurisdictions have their own standards.
The lack of a uniform standard for private well testing is because there are no federal or
state regulations on private wells in the United States (Imgrund et al., 2011); however,
some states have started to move in this direction. For well owners, inconvenience, lack
of awareness, and time are the challenges to private well testing (Hexemer et al., 2008).
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However, despite these barriers, it is important to test all public and private wells for
nitrates because a high concentration of nitrate in groundwater has been linked to such
adverse health outcomes as methemoglobinemia, birth defects, and cancer (Arbuckle,
1988; Fewtrell, 2004; Manassaram, Backer, & Moll, 2006). The purpose of this study
was to determine how individuals perceive environmental resources and natural hazards.
The development of public policy that increases awareness of groundwater contaminants
in rural communities could help to inform the users of private wells in Oklahoma.
Background of the Study
Based upon a review of the literature, it became evident that although researchers
have examined the exposure of nitrate in contaminated groundwater, they have not
examined nitrate levels in unregulated water systems. Many infants born with defects
such as congenital cardiac defects, CNS malformation, neural tube defects, and
abdominal wall defects (Arbuckle, 1988; Brender, Olive, Felkner, Suarez, Marckwardt, et
al., 2004; Croen et al., 2001; Mattix et al., 2007) have medical conditions replete with
challenges.
Nitrate, a common chemical in fertilizer, is pervasive throughout the environment
and is regularly detected in groundwater (McElroy et al., 2008). Other contributors of
nitrate include atmospheric deposition, livestock, septic systems, land application of
municipal wastewater, and biosolids (Katz, Sepulveda, & Verdi, 2009). Researchers have
shown that nitrates are essential body nutrients that also can be found in lettuce, spinach,
beets, and meat products (Reinik et al., 2005; Zeegers, Selen, Kleinjans, Goldbohm, &
van den Brandt, 2006). This increase in the amount of nitrate that percolates into
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groundwater is of public health concern, especially in rural areas where private wells are
unregulated (Criss & Davisson, 2004; Freedman, Cantor, Ward, & Helzlsouer, 2000).
This nitrate footprint, along with the adverse health effects of its presence in soil and
water, presents a challenge to private well owners because private wells are not regulated
and are not required to be tested by the U.S. Environmental Protection Agency (USEPA,
2012c, 2013).
In Oklahoma, public wells or public water supplies are regulated by the USEPA
(2012c) and the Oklahoma Department of Environmental Quality (ODEQ, 2006); they
present a low risk to users. Households with private wells might be at greater risk of
methemoglobinemia and might not be aware of their exposure to contaminants (Postma,
Butterfield, Odom-Maryon, Hill, & Butterfield, 2011; USEPA, 2012b, 2013). Private
wells can be contaminated by anthropogenic and natural sources, such as agricultural
chemicals and atmospheric nitrogen. Nitrate contamination of drinking water has
implications for human health, one of which is birth defects in infants (Arbuckle, 1988;
Brender et al., 2013; Fewtrell, 2004).
According to Dan-Hassan, Olasehinde, Amadi, Yisa, and Jacob (2012), nitrogen
comprises about 80% of the air in the atmosphere and exists in the soil as NO2, NO3,
NH4, NH3, and organic nitrogen (organic-N). The forms of nitrogen commonly
measured in private wells include nitrate (NO3), nitrite (NO2), and ammonia (NH3) ions.
Chemically, nitrate forms when one nitrogen and three oxygen ions combine; plant
decay, fertilizers, and naturally occurring nitrate are sources (Albertin, Sickman,
Pinowska, & Stevenson, 2012; Lingytė & Česonienė, 2009). Nitrates are transported
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through soil by leaching because of its high mobility (Burkart & Stoner, 2007; DanHassan et al., 2012; Szajdak, Życzyńska-Bałoniak, Jaskulska, & Szczepański, 2009;
Yang, Guirui, Chunyan, & Pei, 2012).
Anthropogenic actions from point and nonpoint sources such as wastewater
treatment plants, fertilizer use, and animal waste might be contributing to a nitrate
concentration above 10 mg/L, which is the USEPA’s (2007) maximum contaminant level
(MCL) of nitrate in drinking water (Manassaram et al., 2006; Oklahoma Water Resources
Board [OWRB], 2011). Anthropogenic activities are the most visible human source of
nitrate contamination (Mendes et al., 2012; Shekofteh et al., 2013; Sunitha, Reddy, &
Reddy, 2012). Nitrogen is essential to plant growth, but when the nitrogen in the soil (i.e.,
soil that has been exposed to nitrogen-rich fertilizer) surpasses the plant demand and the
denitrification capacity of the soil, nitrogen can then leach into groundwater, mainly as
nitrate (Lingytė & Česonienė, 2009; Shekofteh et al., 2013; Van Bochove et al., 2007).
Nitrate in private wells might be an indicator of poor water quality, and other
contaminants might be in groundwater if the source of the nitrate is anthropogenic.
Similarly, nitrate contamination of surface water poses health and environmental
concerns, one of which can be birth defects (Arbuckle, 1988; Fewtrell, 2004; Winchester,
Huskins, & Ying, 2009). Nitrate is soluble in water and can migrate to surface water via
discharge of groundwater during base flow conditions (G. Kim, Lee, Lim, Jung, & Kong,
2010; Speiran, 2010). In essence, the prevention of groundwater contamination is a
mitigation action that also protects surface water (G. Kim et al., 2010).

5
Oklahomans rely on groundwater, or water from aquifers, for their household
needs (U.S. Geological Survey, 2013). Some households get their drinking water from
surface water sources. However, no groundwater is immune to contamination. To protect
this commodity for future generations, it is imperative that private well owners’ right to
ownership of the water under their property extends to responsibilities to protect this
resource. For these stakeholders, including private well owners and governmental
agencies, to make informed decisions on how best to protect the watershed, the risks of
inaction on the part of private well owners and the health implications of not regulating
private wells should be communicated to private well owners.
Groundwater is an important water source for Oklahoma’s rural residents.
Riparian rights give property owners in Oklahoma the rights to use the water under their
land (Dellapenna, 2011; Mittelstet, Smolen, Fox, & Adams, 2011). Likewise, water
allocation in the United States is governed by state law rather than federal law, unless
overriding public interest supersedes individual rights for the public good (Craig, 2010;
Dellapenna, 2011). Groundwater in Oklahoma contributes to more than 60% of all water
consumed in the state (Osborn, Eckenstein, & Koon, 1998), whereas surface water
sources contribute about 40%. Of this groundwater, 570 million gallons are used by
20,000 homeowners for household or yard use (ODEQ, 2010). The ODEQ (2010) records
on private well nitrate have shown that in certain wells, the nitrate level has exceeded the
MCL of 10 mg/L.
The Safe Drinking Water Act of 1974 (SDWA, as cited in USEPA, 2006)
guaranteed that individuals living in the United States have the right to safe drinking
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water that is free of contaminants and meets public health and safety requirements. The
regulatory standard requires that publicly owned water systems be monitored regularly to
ensure that they are in compliance with MCLs for chemicals, nutrients, heavy metals, and
any other water contaminants that can adversely affect human health. However, for the
approximately 5 million people in the United States who rely on private wells, safe
drinking water might not be available. Most of these individuals live in rural
communities, and the SDWA does not cover private wells (Backer & Tosta, 2011;
Balazs, Morello-Frosch, Hubbard, & Ray, 2011).
Researchers have identified the health effects of exposure to nitrate in drinking
water (Manassaram et al., 2006; McElroy et al., 2008; Ward et al., 2005). In
epidemiological studies, researchers also have delineated unclear results from nitrate
exposure and intrauterine growth retardation (Bukowski, Somers, & Bryanton, 2001); the
increased incidence of sudden infant death syndrome (George et al., 2001); the increased
risk of CNS malformation (Arbuckle, 1988; Brender, Olive, Felkner, Suarez, Hendricks,
et al., 2004; Croen et al., 2001; Dorsch, Scragg, McMichael Baghurst, & Dyer, 1984);
and congenital cardiac defects (Cedergren, Selbing, & Källén, 2002; Gupta et al., 2008).
However, environmental exposure is one of many variables to consider when making a
link to the etiology of congenital cardiac defects (Cedergren et al., 2002; Zierler,
Theodore, & Cohen, 1988). A map of private well nitrate data provided by the ODEQ
(2010) is presented in Appendix A. Appendix B presents congenital cardiac defect data
provided by the Oklahoma Birth Defects Registry (as cited in Pearson, 2011). These data
are included to show the rate of congenital cardiac defects/1,000 births in Oklahoma.
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As mentioned previously, many infants born with defects have medical conditions
replete with challenges. Researchers who have studied nitrates have suggested that
pollutants can have toxic effects on children (Manassaram et al., 2006; McElroy et al.,
2008; Ward et al., 2005). Nevertheless, the use of alcohol, tobacco, and other substances
also can increase the risk factors for poor health outcomes (Burd et al., 2007; Moons et
al., 2009). These complexities, along with the challenges of nitrate exposure and
congenital cardiac defects, led me to shift the focus of this study to private well owners to
determine what compels them to make environmental decisions that could be driving the
long-term sustainability of private water sources.
Congenital cardiac defects present a challenging disease, regardless of the time of
manifestation. Congenital cardiac defects are the result of prenatal abnormal heart
development (American Heart Association [AHA], 2012). Lifestyle choices,
environmental exposure, occupational exposure, and genetic components might be linked
to congenital heart defects. The Centers for Disease Control and Prevention (CDC,
2011a) identified congenital cardiac defects as the most common type of birth defect
when compared to other types of birth defects. The morbidity rate is approximately 9 of
every 1,000 newborns (AHA, 2012). The National Institutes of Health (NIH, 2011)
reported that 35,000 babies are born with congenital heart defects. It is essential to look
into what is responsible for congenital cardiac defects in children. However, determining
the relationship (i.e., exposure assessment) between environmental exposure and adverse
health outcomes is challenging. For this reason, I reported only on the prevalence of
congenital cardiac defects in Oklahoma’s 77 counties.
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Infants born with congenital cardiac defects present a challenge to parents. Of all
birth defects, congenital cardiac defects are the most common. Although progress has
been made, this disease continues to be a challenge not only to parents but also to
scientists. The mortality rate for congenital cardiac defects is double that of childhood
cancers in any given year in the United States (AHA, 2012; Brent, 2004). The causes of
most congenital cardiac defects are still unknown (Brent, 2004), and they have a
prevalence rate of 1% among live births in the United States (CDC, 2011a). Among
Oklahoma newborns, congenital cardiac defects are present in 6% to 8% of cases/1,000
births (Oklahoma State Department of Health [OSDH], 2012), and they are the leading
cause of death among children under the age of 1 year in Oklahoma. Congenital cardiac
defects rank second in mortality rate for children between the ages of 1 and 4 years in
Oklahoma (OSDH, 2003; National Birth Defects Prevention Network, 2010).
Environmental exposure rates and adverse health outcomes in Oklahoma are similar to
those in the rest the United States, especially among people who live in rural
communities (CDC, 2011b; Rogan & Brady, 2009; USEPA, 2012b).
An average of 748 cases of congenital cardiac defects occurred annually between
1999 and 2008 (Pearson, 2011). Cardiovascular disease was the largest category of birth
defects at 29.8%, followed by muscular defects at 24.3% and gastrointestinal and nervous
defects at 13.95% and 8.5%, respectively. According to the Oklahoma Pregnancy Risk
Assessment Monitoring System report (PRAMS, as cited in OSDH, 2012), between 1998
and 2008, changes in the prevalence of congenital anomalies were reported. For instance,
the most prevalent categories of birth defects were congenital anomalies of the heart and
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circulatory system at 42%, an increase of about 12% from the previous decade.
Musculoskeletal defects rose from 24% to 29% (OSDH, 2012). There also was a decrease
in the prevalence of gastrointestinal defects from 13.5% to 3%, but CNS malformation
increased 8.5% to 13% (OSDH, 2012; Pearson, 2010). Environmental, genetic, and
maternal factors could be possible risk factors because about 70% of birth defects are
unknown (OSDH, 2012; Pearson, 2010).
Scientists are debating the stringency of the current MCL of 10 mg/L of nitrate in
drinking water , and it has been suggested that it should be lowered. On the other hand,
some researchers have advocated that the MCL be raised, suggesting that there is
sufficient evidence to increase the permitted concentration of nitrate in drinking water
without increasing the risk to human health (Van Grinsven, Ward, Benjamin, & De Kok,
2006). Avery (1999) argued that raising the nitrate MCL to between 15 and 20 mg/L
would not constitute a health risk. Wilson, Kabogo, Evans, and Burns (2003) asserted
that the nitrate MCL could be raised to 100 mg/L.
Chronic health implications for drinking water nitrate have been inconclusive.
Such implications have included congenital anomalies (Cedergren et al., 2002);
intrauterine growth retardation (Bukowski et al., 2001); and an increased incidence of
sudden infant death syndrome (George et al., 2001).On the contrary, other researchers
(e.g., Avery, 1999; Van Grinsven et al., 2006; Wilson et al., 2003) have argued that
investigations into some health risks on nitrate remain uncertain.
Literature supporting nitrate as a cause of these diseases has been scant and
controversial. Given the lack of cohesive well water issues, there appears to be a need for
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research focusing on nitrate and other inorganic contaminants. Nitrate also can be a cocontaminant. Because private wells are unregulated, nitrate exposure in rural
communities that get their drinking water from this source is a public health concern
(Van Grinsven et al., 2006).
The review of the literature showed that researchers have conducted few
empirical studies evaluating community members’ perceptions of collaboration in, and
barriers to, the management of health threats in private well water sources (Jones et al.,
2006). There is a need for research to generate information on community members’
perceptions of collaboration to achieve groundwater (i.e., private well water)
sustainability and the perceived barriers to such collaboration among private well users in
Oklahoma. Having a better understanding of the opinions, knowledge, and perceptions of
the stakeholders will help to ensure a sustainable water system. The data generated from
this study are expected to be useful to future researchers by providing an approach to
outreach services that might have greater public health benefits for private well users.
Problem Statement
Although researchers have examined nitrate exposure in contaminated
groundwater, they have not examined nitrate levels in unregulated water systems. Private
water well nitrate exposure is a public health concern (Manassaram et al., 2006; McElroy
et al., 2008; Ward et al., 2005; Zeman et al., 2011). More than 5 million rural residents in
the United States who depend on private well water have been exposed to nitrate at
concentrations exceeding the 10 mg/L standard (Kite-Powell & Harding, 2006; USEPA,
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2011). Knowledge of, opinions about, and perceptions about nitrate and the quality of
private water well vary among stakeholders (Jones et al., 2006).
The lack of cohesive opinion about the quality of private well water has become a
public health concern (Suvedi & Krueger, 2000). Private well owners should be aware of
issues that affect water quality, groundwater resources, and the sources of their drinking
water. Understanding stakeholders’ opinions and perceptions might help to address the
conflict of opinions among private well owners, increase public awareness about
groundwater quality concerns, and promote environmental stewardship.
There has been little empirical research on private well owners’ attitudes toward
water quality in Oklahoma on whether and how the community and other stakeholders
should collaborate on environmental decision making. One reason is that private wells
are not regulated and are typically not tested (Backer & Tosta, 2011; Imgrund et al.,
2011; Sabogal, 2010). The importance of stakeholders’ collaborations and sustainability
has been well documented (Backer & Tosta, 2011; Imgrund et al., 2011; Sabogal, 2010),
but how stakeholders collaborate on private well water quality remains unclear. Without
this knowledge, it is difficult to understand the characteristics and dynamics of the
collaboration, as well as the possible impact of barriers to private well sustainability. This
gap in the literature has created the need for more focused studies that will provide data
for future researchers, thus supporting an approach to outreach services that might have
public health benefits for private well users.
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Purpose of the Study
The purpose of this quantitative study was to examine data describing nitrate
concentration and cases of congenital cardiac defects. I explored community members’
perceptions of community collaboration as a way of sustaining private water wells. I
sought to determine whether certain demographic variables (e.g., gender, home
ownership and residence duration, education, and drinking water usage) influenced
individual perceptions of the ways in which communities can collaborate to mitigate
health threats in private well water sources or whether the variables revealed barriers that
need to be removed.
I did not use the study to determine causal relationships or associations because of
limitations of data or confounders. As such, this study can serve only as a springboard or
to generate hypotheses for future research. I used a quantitative, nonexperimental design
to (a) describe the community members’ perceptions to achieve groundwater (private
well) sustainability, (b) identify any perceived barriers to attain collaboration on
mitigating health threats, and (c) explore the relationship between these perceptions and
the demographic characteristics of the sample. The respondents answered the survey
questions relating to relationships between and among the independent variables (IVs)
and the dependent variables (DVs). Both types of DVs were continuous. The 10 IVs were
age, gender, education, homeownership, length of stay in the area, distance from animal
waste sites or agricultural property, use of private well, source of drinking water,
membership in homeowners/landowners association, and desire to join
homeowners/landowners association. The total perception score and the total barrier
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score were the DVs.
Research Questions and Hypotheses
The study was guided by two research questions (RQs) and hypotheses:
1. What is the relationship between the community perceptions of stakeholders’
collaboration and the demographic characteristics of the study sample (i.e.,
age, gender, education, homeownership, length of stay in the area, distance
from animal waste sites or agricultural property, use of private well, source of
drinking water, membership in homeowners/landowners association, and
desire to join homeowners/landowners association)?
H01: Community perceptions are not affected by any demographic factors of the
sample (i.e., age, gender, education, homeownership, length of stay in the area, distance
from animal waste sites or agricultural property, use of private well, source of drinking
water, membership in homeowners/landowners association, and desire to join
homeowners/landowners association).
Ha1: Community perceptions are affected by at least one of the demographic
factors of the sample (i.e., age, gender, education, homeownership, length of stay in the
area, distance from animal waste sites or agricultural property, use of private well, source
of drinking water, membership in homeowners/landowners association, and desire to join
homeowners/landowners association).
2. What is the relationship between community barriers to stakeholders’
collaboration and the demographic characteristics of the study sample (i.e., age,
gender, education, homeownership, length of stay in the area, distance from
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animal waste sites or agricultural property, use of private well, source of drinking
water, membership in homeowners/landowners association, and desire to join
homeowners/landowners association)?
H02: Community barriers to stakeholders’ collaboration are not affected by any
demographic factors of the sample (i.e., age, gender, education, homeownership, length
of stay in the area, distance from animal waste sites or agricultural property, use of
private well, source of drinking water, membership in homeowners/landowners
association, and desire to join homeowners/landowners association).
Ha2: Community barriers to stakeholders’ collaboration are affected by at least
one of the demographic factors of the sample (i.e., age, gender, education,
homeownership, length of stay in the area, distance from animal waste sites or
agricultural property, use of private well, source of drinking water, membership in
homeowners/landowners association, and desire to join homeowners/landowners
association).
Theoretical Constructs
The theoretical framework for the study was based upon the social ecological
model, which has been used to explore the relationship between individuals and the
environment in which they live (Glanz, Rimer, & Lewis, 2002; Stokols, 1996).
According to this model, there is an association between a person’s environment and the
general effect of that environment on health (Glanz et al., 2002; Stokols, 1996). For
instance, the environment is presumed not only to act as a potential source of toxins,
hazards, and pathogens but also to be responsible for health information and social
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influences that can be used to achieve better health and well-being (Glanz et al., 2002;
Stokols, 1996). For these reasons, the social ecological model has been used in public
health to identify environmental causes of illness and social mediation that can be used to
better protect human health (Glanz et al., 2002; Stokols, 1996).
Tanner (2009) defined environmental decision making as a process usually based
upon “utilitarian models, which implies that people’s decisions are influenced only by the
outcomes” (p. 1). It is a decision-making ability based upon knowledge, moral and ethical
understanding, responsibility, and experience regarding the relationship between human
beings and the Earth (Tanner, 2009). It also provides a base from which to make
environmental decisions that will benefit society at large (Balgopal & Wallace, 2009;
Orr, 2004).
I did not use this model because the environmental decision-making model, which
is based upon the utilitarian model and outcomes, does not recognize internal and
external influences. The social ecological model enabled me to document the many
variables that influenced stakeholders’ decisions and might have supported or constituted
barriers to health decisions. The model also explores and facilitates an understanding of
the factors that can influence behavioral changes (Gazmararian, Curran, Parker,
Bernhardt, & DeBuono, 2005; Green, Richard, & Potvin, 1996). For these reasons, the
social ecological model was appropriate for this study.
Definitions of Terms
Aquifer: An underground formation or group of formations in rocks and soils
containing enough groundwater to supply wells and springs (USEPA, 2003).
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Base flow: Groundwater seepage into a stream channel (Schilling & Zhang,
2004).
Collaboration: Stakeholders working together with the primary purpose of
learning the environmental impact of contaminants on their source water, and how to
improve water quality in their private wells, so as to make informed decisions about
water resource management (Sabogal, 2010).
Community sustainability: Desire to meet present needs without compromising
the quality for future generations (USEPA, 2012a).
Contaminant: Anything found in water (including microorganisms, minerals,
chemicals, radionuclides, etc.) that might be harmful to human health (USEPA, 2003).
Denitrification: The biochemical reduction of nitrate or nitrite to gaseous nitrogen
either as molecular nitrogen or as an oxide of nitrogen (USEPA, 2012c).
Groundwater: Water below the topsoil and above impervious rock (Rogan &
Brady, 2009).
Nitrification: A microbial process by which reduced nitrogen compounds,
primarily ammonia, are sequentially oxidized to nitrite and nitrate (USEPA, 2002).
Nitrate: Plant nutrient and fertilizer that enters water supply sources from
fertilizers, animal feedlots, manures, sewage, septic systems, industrial wastewaters,
sanitary landfills, and garbage dumps (USEPA, 2003).
Private well water source: Water supply that does not include public water
sources (e.g., private and domestic wells owned by individuals; USEPA, 2003).
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Safe Drinking Water Act (SDWA): The SDWA (1974, as cited in USEPA, 2006)
is the main federal law that ensures the quality of U.S. drinking water. Under the SDWA,
the USEPA (2012a) sets standards for drinking water quality and oversees the states,
localities, and water suppliers who implement those standards.
Stakeholders: Private wells owners, community leaders, and public policy
officials (USEPA, 2011).
Surface water: Rainwater that collects in surface water bodies like oceans and
lakes (USEPA, 2012b).
Sustainable: The availability of a safe and quality water supply for human beings
and the ecosystem at large or streams (USEPA, 2011).
Sustainable water resources: “To ensure safe and sustainable water quality and
the ability to protect human and ecosystem health by integrating social, economic, and
environmental research for protecting and restoring water resources and their designated
uses” (USEPA, 2012c, p. 20).
Sustainability: Capacity to endure (Sabogal, 2010).
Assumptions
I assumed that there was an advantage in conducting a cross-sectional study, in
that I could collect the data at one time and with and no need for follow-up activities
(Creswell, 2009; Page, Cole, & Timmreck, 1995). I further assumed that the design
would help me to collect information from the respondents pertaining to their perceptions
of water quality and alternative water sources because the design was strongly rooted in
theory. I also assumed that community collaboration can lead to groundwater or private
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well sustainability. The households in this case might have been able to provide the
required information at the time of the survey, making attrition, as in longitudinal studies,
unlikely (Rindfleisch, Malter, Ganesan, & Moorman, 2008). In addition, I required fewer
participants to detect an association, and I had the flexibility to explore numerous health
outcomes and related risk factors at the same time (Rindfleisch et al., 2008).
Limitations
The study had several limitations: (a) The problem of nitrate in Oklahoma private
water wells might have been unique to the state; (b) a cross-sectional design was
appropriate for this study because of its descriptive and exploratory nature (Creswell,
2009), which allowed me to use my limited time and funding to gather, analyze, and
interpret data from a sample; however, generalization of the study results was limited;
and (c) individuals eligible to be in the sample might not have been willing to participate
because it was voluntary, not mandatory. The study reflected only the views of those who
participated. When the temporal nature of a phenomenon is not clear, it also is likely that
intervening events could confound a follow-up study.
Scope and Delimitations
The scope of this study was to examine the perceptions of private water well
stakeholders and nitrate contamination. The research design was a survey of 231
participants over the age of 18 years who lived in Oklahoma at the time of the study. The
results of this study might not be generalizable to other parts of the United States because
conditions and other environmental factors might be different.
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Social Change Implications
This study might lead to positive social change in that it could provide (a) a better
understanding of nitrate exposure in private wells, (b) more information on the evidencebased environmental decision-making process used to mitigate health threats through
community collaboration, (c) an approach to outreach services that might provide greater
public health benefits for Oklahoma private well users, and (d) a possible understanding
of stakeholders’ perceptions of private well nitrate contamination and the opportunity to
reduce the risk factors for birth defects.
Significance of the Study
This study is significant because there has been little empirical research on nitrate
exposure from unregulated private well water sources. There is a need for sustained
research and an environmental evaluation of nitrate-contaminated drinking water for
populations using unregulated private wells. Environmental factors might play a role in
the etiology of congenital cardiac defects (Cedergren et al., 2002; Zierler et al., 1988).
Many infants born with defects such as congenital cardiac defects, CNS malformation,
neural tube defects, and abdominal wall defects (Arbuckle, 1988; Brender, Olive,
Felkner, Suarez, Hendricks, et al., 2004; Croen et al., 2001; Mattix et al., 2007) have
medical conditions replete with challenges. The results of this study are expected to play
a role in policy development, advocacy, and awareness of the issues that affect water
quality, groundwater resources, and sources of their drinking water, a role that could be
of public health benefit to rural communities.
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Summary and Transition
More than 5 million rural residents in the United States who depend on private
well water have experienced exposure to nitrate at concentrations exceeding the 10 mg/L
MCL (Kite-Powell & Harding, 2006; USEPA, 2011). There has been no research on
private well owners’ attitudes toward water quality in Oklahoma describing ways in
which the community and other stakeholders could collaborate on environmental decision
making (Robbins, 2012) because private wells are not regulated (Imgrund et al., 2011)
and are not covered under the SDWA (1974, as cited in USEPA, 2006). The lack of
agreement on the MCL of nitrate might pose a health concern and present an unclear
platform in mitigating the problem of private well nitrate contamination and human
health. A noncohesive agreement on the MCL of nitrate can be a challenge in the delivery
of public health services and awareness about nitrate adverse health outcomes. The
results could fill the gap in the literature and provide data for future researchers to help to
ensure an approach to outreach services that will have public health benefits for private
well users in Oklahoma.
Chapter 2 includes a review of the relevant literature on nitrate and community
perceptions among the stakeholders. In Chapter 3, I describe the study design, target
population, sample, setting, data collection and analysis, and ethical treatment of the
participants. Chapter 4 includes the results and the data analysis. Chapter 5 presents an
interpretation of the findings, limitations of the study, implications for social change, and
recommendations for future research.

21
Chapter 2: Literature Review
Introduction
Researchers have suggested that nitrate can be toxic to children (Manassaram et
al., 2006; McElroy et al., 2008; Ward et al., 2005). Researchers also have examined
nitrate exposure in contaminated groundwater, but they have not examined nitrate levels
in unregulated water systems. There has been little empirical research on nitrate exposure
from unregulated private well water sources. There is a need for sustained research and
an environmental evaluation of nitrate-contaminated drinking water for populations using
unregulated private wells. Environmental factors might play a role in the etiology of
congenital cardiac defects (Cedergren et al., 2002; Zierler et al., 1988). Many infants born
with defects such as congenital cardiac defects, CNS malformation, neural tube defects,
and abdominal wall defects (Arbuckle, 1988; Brender, Olive, Felkner, Suarez, Hendricks,
et al., 2004; Croen et al., 2001; Mattix et al., 2007) have medical conditions replete with
challenges.
The purpose of this study was to examine data on nitrate concentration and cases
of congenital cardiac defects. I explored community members’ perceptions of community
collaboration as a way of sustaining private water wells. I sought to determine whether
certain demographic variables (i.e., age, gender, education, homeownership, length of
stay in the area, distance from animal waste sites or agricultural property, use of private
well, source of drinking water, membership in homeowners/landowners association, and
desire to join homeowners/landowners association) influenced individual perceptions of
the ways in which communities collaborate to mitigate health threats in private well
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water sources, or whether the variables revealed barriers that need to be removed to
ensure community collaboration. I did not use the study to determine causal relationships
or associations because of data limitations or confounders. As such, the study can serve
only as a springboard to generate hypotheses for future research. I used a quantitative,
nonexperimental design to (a) describe the community members’ perceptions about
achieving groundwater (private well) sustainability, (b) identify any perceived barriers to
collaborating on mitigating health threats, and (c) explore the relationship between these
perceptions and the demographic characteristics of the sample.
To find literature for this study, I conducted searches using the following
keywords: nitrate, nitrite, groundwater, cardiac defects, human health, Oklahoma, water
rights, stakeholders, knowledge, perception, sustainability, and cancer. I also used the
following databases: MEDLINE, CINAHL, Google Scholar, EPA, NIH, Academic
Search EBSCO, and CDC. I restricted the scope to articles published within the last 5
years.
In this chapter, I describe and discuss the current concentration of nitrate in
Oklahoma based upon information in the published literature. I review background
information on groundwater nitrate exposure and the potential public health risks to
human beings, especially among the rural population, who rely on private wells for their
water. I highlight cases of congenital cardiac defects, as reported by the OSDH (2012). In
addition, I discuss human interactions with nitrate, discuss identified risks, and point out
potential risks that might require further research among private wells users exposed to
nitrate concentrations above the recommended limit. Although some researchers have
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identified a link between nitrate in groundwater and the risk of infant
methemoglobinemia and cancers of the digestive tract, there also has been disagreement.
I present these disagreements in the review.
I also describe some general characteristics of and discuss the importance of
groundwater quality. I discuss groundwater rules and the goals of the SDWA (1974, as
cited in USEPA, 2006), which stipulated that U.S. groundwater must be safe from
contaminants and meet minimum standards for drinking water. Next, I describe the
geological formation and ecology of Oklahoma and discuss the agencies that are
responsible for maintaining a sustainable environment in Oklahoma as well as the public
health concern of nitrate exposure. I also discuss the cross-sectional design approach
because such a design is commonly used to examine the relationship between community
perceptions of the environment and stakeholders’ perceptions of the community and their
environments. I conclude the chapter with a discussion of relevant literature on nitrate
and community perceptions among the stakeholders, along with a summary of key points
relevant to this study.
Review of Theoretical Framework
Theoretical frameworks provide a platform by which researchers can determine
the most appropriate conceptual frameworks for their studies. Stakeholder theory
provides a conceptual framework for analyzing the relationship among the varied
interests of the stakeholders. The relevance of the core principle of the theory relates
directly to the use of resources that are central to stakeholder interest management.
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The theoretical framework of this study was the social ecological model.
According to the social ecological model, there is an association between a person’s
environment and the general effect of the environment on health (Glanz et al., 2002;
Stokols, 1996). For instance, the environment not only can be a potential source of toxins,
hazards, and pathogens but also can be responsible for health information and social
influences that can facilitate the achievement of better health and well-being. For these
reasons, public health workers use the social ecological model to identify the
environmental causes of illness and the social mediation that can be used to better protect
human health (Glanz et al., 2002; Stokols, 1996).
In an effort to protect the public health community, I discussed restrictions on
water use and collaboration as two methods of producing sustainable water supplies
based upon the assumption that community collaboration is better than restrictions on
water use. I also assessed community members’ perceptions about the importance of and
barriers to community collaboration. The participants, all of whom were residents of
Oklahoma, completed a survey to assess these perceptions.
The social ecological model is a platform for stakeholders and the community to
gain an in-depth understanding of the groundwater resources and for rural communities to
understand not only social and ecological dependency but also the ways in which they
can work to incorporate collaboration as the centerpiece of their environmental
stewardship and groundwater protection. The social ecological theory might serve as a
foundation for actions that will engage and encourage participatory citizens (i.e.,
residents of rural Oklahoma) to focus on how best to protect private well resources
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through collaboration rather than restrictive use of their groundwater resources as their
alternative to private well or groundwater quality issues. Therefore, I used this theoretical
framework to study the problem of nitrate in Oklahoma well water and evaluate the
knowledge, opinions, and perceptions of a sample of residents to influence social
interventions such as policy development, environmental education, health education,
social behavior change, and modification.
Prevalence and Incidence of Cardiac Defects
Congenital cardiac defects, the most common type of birth defect, are the result of
abnormal heart development before birth, and they affect nine of every 1,000 newborns
(AHA, 2012). The NIH (2011) reported that approximately 35,000 babies are born with
congenital heart defects. The mortality rate for congenital cardiac defects doubles that of
child hood cancers in any given year in the United States (AHA, 2012). From an
epidemiological point of view, the association between congenital abnormalities and
cancer has been well documented.
The association between congenital anomalies and tumors also has been well
established (Altmann, Halliday, & Giles, 1998; Moore, Satgé, Sasco, Zimmermann, &
Plaschkes, 2003). Comorbidities of cancer and congenital anomalies are the most likely
among children with cancer (Zierhut, Murati, Holm, Hoggard, & Spector, 2011). The
incidence of congenital cardiac defect could be significantly higher in patients with
cancer (Ross, 2008), suggesting an unrecognized tumor predisposition syndrome in
infants with cancer because researchers might have compared only the prevalence rate of
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congenital cardiac defects without focusing on whether infants with cardiac defects are
predisposed to develop cancer later on in life.
Researchers also have suggested that future generations might be genetically
predisposed to health implications related to cancer because of therapeutic cancer
treatment that parents received as children (Byrne et al., 1998). Cardiac malfunctions of
offspring might be the result of cancer treatments that parents received as infants.
However, Winther et al. (2009) found no link between childhood cancer therapy and
potential future health risk for future generation. Researchers have been unable to
identify conclusively genetics and cancer treatments undergone in childhood as the
source of congenital malformations (Boice et al., 2003; Green et al., 1996; Wyrobek et
al., 2007). Irrespective of the risk factors for this disease, there continue to be health and
social costs related to childhood disease. There is a need for research to determine the
risk factors of environmental exposure to hazards, either in groundwater, air, and/or
genetic predisposed precursors, that might constitute a health hazard to individuals later
in life or might affect their offspring in years to come.
The causes of most congenital defects are unknown. One of the reasons the
etiology of this malformation continues to elude researchers is because epidemiologic
investigations have been inconsistent; the etiology of cancerous tumors could be
environmental or genetic factors (Brent, 2004; Shi & Chia, 2001). Congenital cardiac
defects lead to complications that could lead to death during the first year of life (Maria,
Popescu, Cornitescu, Puiu, & Florescu, 2012). The morbidity and mortality rates of this
disease are a public health concern, coupled with the teratogenic potential of many
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compounds found in groundwater, especially in private wells, that might contribute to the
development of congenital anomalies. Researchers have identified an association between
drinking water nitrate levels and the incidence of congenital anomalies (Arbuckle, 1988;
Cedergren et al., 2002; Croen et al., 2001; Dorsch et al., 1984). Private well owners
should be made aware of the risk factors of elevated nitrate levels and the possible
adverse effect on human health. Such information and data will help to educate, inform,
and allow private owners to make environmental decision that might lead to sustainable
water resources for future generations.
In the United States and other countries, governments have a duty to protect their
citizens by providing safe environments that are free from hazards. These responsibilities
might include clean water, clean air, and a clean environment free of potential hazards.
Oklahoma is no different from other U.S. states in regard to these responsibilities. The
OSDH (2012) is responsible for monitoring the incidence and prevalence of congenital
cardiac defects in the 77 counties of the state in which it operates. This responsibility
extends to maintaining an active birth defects registry, an integral part of a public health
surveillance program that monitors the status of children with birth defects born to
women who are residents of Oklahoma. In Oklahoma, an average of 748 cases of
congenital cardiac defects occurred annually between 1999 and 2008 (OSDH, 2012).
Cardiovascular disease was the largest category of birth defects at 29.8%, followed by
muscular defects at 24.3%, with gastrointestinal and CNS defects at 13.95% and 8.5%,
respectively (OSDH, 2012).
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According to PRAMS (OSDH, 2012), between 1998 and 2008, changes in the
prevalence of the congenital anomalies were reported. The most prevalent birth defect
categories of birth defects were congenital anomalies of the heart and circulatory system,
an increase to 42% from 12% in the previous decade, and musculoskeletal defects, which
increased from 24% to 29% (OSDH, 2012). There was a decrease in the prevalence of
gastrointestinal defects from 13.5% to 3%, but CNS defects increased 8.5% to 13%
(OSDH, 2012; Pearson, 2010). Environmental, genetic, and maternal factors could be a
possible risk factor because approximately 70% of the reasons for birth defects are
unknown (OSDH, 2012; Pearson, 2010). The etiology of birth defects could be either
environmental or genetic. Pregnant women must be aware of the public health concerns
about the potential role of environmental or genetic exposure as a risk factor. Such
knowledge comes through research identifying the etiology of this disease for the benefit
of the community.
Early identification of infants at risk of congenital cardiac defects allowed the
OSDH (2003) to start early intervention programs to improve the outcomes of newborns
with birth defects. The OSDH (2003) provides ongoing health care information to
Oklahomans under the authority of the Oklahoma State Health Statute. Congenital
cardiac defects are among the health information that the department provides to the
public under this statute. According to the OSDH (2012), congenital cardiac defects are
present in 6% to 8% of cases/1,000 births in Oklahoma; congenital malformations are the
leading cause of death among children under the age of 1 year in Oklahoma (OSDH,
2003). Congenital cardiac defects ranks second in mortality for children between the ages
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of 1 and 4 years (OSDH, 2003). Such health information is important for public health
officials to know because they are responsible for providing awareness to the population
the most at risk for congenital malformations.
Groundwater Nitrate
Nitrate, a common chemical found in fertilizer, is pervasive in the environment
and is detected regularly in groundwater. Nitrate is a form of nitrogen with an atom of
nitrogen and three oxygen atoms (NO3) that exists as an ion. There are several sources of
drinking water nitrate, including plant decay, fertilizers, and naturally occurring nitrate.
Researchers have found that a nitrate concentration greater than 3.0 mg/L in groundwater
comes from human sources such as fertilizer applications and animal waste, a
concentration less than 0.2 mg/L originates from natural sources, and a concentration of
nitrate between 0.21 and 3.0 mg/L can be attributed to both human influences or
anthropogenic sources (Mueller & Helsel, 1996). The USEPA’s (2007) MCL for nitrate
in drinking water is 10 mg/L.
Groundwater or water from an aquifer is the predominant source of water for
most of rural Oklahoma. More than 56% of the total water use in Oklahoma comes from
groundwater. Of this, 570 million gallons are used by 20,000 homeowners for household
or yard use (Smithee, 2009).
ODEQ (2010) records on private well nitrate have shown that in certain wells, the
nitrate level exceed the MCL of 10 mg/L. According to Smithee (2009), 625,000
Oklahomans rely on groundwater as their raw water source, and 200,000 residents of the
state depend on groundwater as their source of drinking water. The growing population
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depend on groundwater because groundwater is their primary source of water in private
wells. In Oklahoma, between 1900 and 1990, 29,789 wells were dug in Oklahoma.
Smithee (2009) reported that between 1990 and 2006, 40,000 wells were dug in
Oklahoma, compared with the approximately 30,000 wells construction for the 90–year
span of 1900 to 1990. Private water wells are not subjected to the monitoring required by
public water systems’ drinking water supplies. Because regulatory agencies do not
regulate private wells, the owners of private water wells need information that will enable
them to make informed decisions about the quality of their drinking water.
Changes in groundwater quality might be a determinant of the health of a
community, especially in rural areas, where it is not common practice for private well
users to test for water contaminants. The lack of education regarding proper well
maintenance and inconvenience for private well users are key barriers to private well
stewardship (Hexemer et al., 2008). However, it is important to test all public and private
wells for nitrate because a high concentration of nitrate in groundwater also has been
linked to methemoglobinemia, birth defects, and cancer (Arbuckle, 1988; Fewtrell, 2004;
Manassaram et al., 2006).
Researchers have identified health effects and nitrate exposure via drinking water
(Manassaram et al., 2006; McElroy et al., 2008; Ward et al., 2005). In epidemiological
studies, researchers also have delineated unclear results from nitrate exposure and
intrauterine growth retardation (Bukowski et al., 2001); increased incidence of sudden
infant death syndrome (George et al., 2001); increased risk of CNS defects (Arbuckle,
1988; Brender, Olive, Felkner, Suarez, Hendricks, et al., 2004; Croen et al., 2001; Dorsch
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et al., 1984); and congenital cardiac defects (Cedergren et al., 2002; Gupta et al., 2008).
In U.S. private wells, water supplies are not regulated, even though most rural
populations rely on it for their drinking water. Groundwater is not immune to
contaminants and might be exposed to elevated nitrate levels that can place people at risk
for methemoglobinemia.
The ubiquity of nitrate in the environment has been well documented. Nitrate is
used in farming applications as a fertilizer and is a source of environmental nitrogen.
Comly (1945) claimed that nitrate could be a potential risk factor for
methemoglobinemia. Nitrate in the environment, food, and drinking water is not of great
concern because it is relatively nontoxic; however, the subsequent conversion of nitrate
to nitrite, a precursor for teratogenic and carcinogenic N-nitroso compounds, poses more
of a concern. The current MCL established by the USEPA is 10 mg/L nitrate as nitrogen
(USEPA, 2006).
Although some researchers have found a link between nitrate in groundwater and
the risk for infant methemoglobinemia and cancers of the digestive tract, scientists have
disagreed whether to raise or lower the MCL for drinking water nitrate, which is
currently set at 10 mg/L by the USEPA. The health implications of nitrate continue to be
controversial because of inconclusive evidence of disease causation (Powlson et al.,
2008). Some scientists have suggested raising the MCL of nitrate in drinking water
because the health impact of nitrate has been inconclusive, suggesting the need for more
focused research (Powlson et al., 2008). This lack of consensus has heightened the need
for evidenced-based research to identify an acceptable threshold for nitrate concentration
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in drinking water (Powlson et al., 2008).
Health concerns associated with nitrate might be long term or short term,
depending on exposure. Researchers have noted that exposure to nitrate at a
concentration above the MCL has been associated with increased risk for anencephaly, a
form of developmental disorder that occurs during pregnancy. For example, Croen et al.
(2001)’s study on the health implications of maternal periconceptional exposure to nitrate
from drinking water and diet concluded that exposure to nitrate in drinking water at
concentrations above the MCL of 10 mg/L has adverse health outcomes. On the other
hand, there have been mixed results from studies evaluating nitrate and congenital
malfunctions in newborns. Several researchers (Arbuckle, 1988; Brender, Olive, Felkner,
Suarez, Hendricks et al., 2004; Brender, Olive, Felkner, Suarez, Marckwardt, et al., 2004;
Croen et al. 2001; Dorsch et al., 1984) have reported statistically significant findings
linking drinking water nitrate to neural tube defects. Brender, Olive, Felkner, Suarez,
Hendricks, et al. (2004); Brender, Olive, Felkner, Suarez, Marckwardt, et al. (2004);
Croen et al. (2001); and Huber et al. (2013) also compared the dietary intake of nitrate to
health implications related to neural tube defects and found minimal or no effect on risk.
These findings on the adverse health effects of nitrate exposure are significant to the
users of private wells; however, because private well users are not required to test the
water in their wells, it is difficult to identify the actual source of nitrate in order to
mitigate the risk factors.
Elevated nitrate levels in drinking water can be a leading indicator of other human
effects on private well water sources because private wells are more likely to have a
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higher concentration of contaminants that can adversely affect human health, especially
that of women of child-bearing age. Manassaram et al. (2010) noted that private water
systems have nitrate levels above the MCL because they are not regulated. For these
reasons, pregnant women who are exposed to nitrate concentrations above the MCL in
drinking water also might be exposing their unborn children to adverse health outcomes.
Weihe and Grandjean (2012) suggested that the health risks from in utero
exposure to pollutants might not be immediately apparent until some years later.
Precautionary approaches and preventive measures will help to reduce the risk of
environmental exposure to chemicals that are known or suspected risk factors for
developmental disabilities (Buczyńska & Tarkowski, 2005). On the other hand, maternal
exposure to alcohol and smoking are other environmental factors that might contribute to
the adverse health of pregnant women (Mateja, Nelson, Kroelinger, Ruzek, & Segal,
2012; Smedts et al., 2008). There is a need for a better understanding of the
environmental etiology of birth outcomes that will help to guide public health policy and
practice. Such awareness will educate private well owners about the adverse health
effects of groundwater contaminants.
Groundwater Quality
Groundwater is a natural resource in Oklahoma and is a source of drinking water
nationwide. Oklahomans who depend on groundwater use 21 main aquifers in the state as
their major source of water (Fabian & Myers, 1990; Osborn & Hardy, 1999). Major and
nonmajor aquifers serve Oklahoma’s water needs. Major aquifers yield more than 150

34
gallons/minute (Fabian & Myers, 1990; Osborn & Hardy, 1999); nonmajor aquifers can
yield less than 150 gallons/minute (Johnson, 2008).
The presence of nitrate in groundwater is determined by many factors, such as
anthropogenic, nature, and atmospheric nitrogen (Fabian & Myers, 1990; Osborn &
Hardy, 1999). Major aquifers have been identified with anthropogenic water quality
problems or concerns. Becker (2006) and the ODEQ (2010) identified private and
domestic wells nitrate levels between 0.05 and 25 mg/L in water from shallow wells in
Oklahoma. Most private wells in rural areas are shallow. The MCL for drinking water
nitrate has been set at 10 mg/L by the USEPA. A nitrate concentration greater than 2
mg/L indicates anthropogenic sources (Mueller & Helsel, 1996), meaning that human
activities such as fertilizer applications and animal waste could be contributing to
elevated levels of nitrate concentration.
Elevated levels of nitrate have been identified more in antlers bedrock aquifers
than in river alluvial aquifers (OWRB, 2013). Aquifers are sources of domestic water for
most Oklahomans who depend on groundwater for their drinking water supplies. When
contaminants are found in aquifers, the consequence can be health concerns for the
communities that depend on them. For example, the OWRB (2013) noted that elevated
concentrations of nitrate occur in shallow water, which can be a concern for domestic
well users. Private well users should be provided with information about the aquifers or
natural underground water storage that supplies and recharges their water wells. Wellinformed stakeholders can make environmental decisions on how best to protect their
individual wells’ sustainability.
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Safe Drinking Water Act
The goals of the SDWA (1974) are to ensure that U.S. groundwater is safe from
contaminants and meets minimum standards for drinking water (as cited in USEPA,
2006). The USEPA’s (2002, 2006) MCL for NO3-N is 10 mg/L for public drinking water
to ensure human health; however, there is no requirement that private well owners
monitor their individual wells for contaminants. Approximately 37 to 42 million residents
of the United States are not on public water supplies and are not covered under the
SDWA (Magdo et al., 2007), meaning that these residents might be exposed to
environmental contaminants in their source water. Private well users are not protected
under this law, so some rural residents in Oklahoma might be vulnerable to water-borne
diseases and chemical contaminants such as nitrate. Environmental education tailored to
private well owners, especially those who live in rural areas, could help stakeholders to
make informed decisions that reflect good environmental stewardship.
It is the responsibility of the regulatory agencies in Oklahoma that are involved in
the protection of Oklahoma’s groundwater to set the standards. Oklahoma has
groundwater standards located in OAC 785:45-7 (OWRB, 2011). Beneficial uses of the
groundwater in the state are determined by levels of harmful biological, inorganic, and
organic chemicals, including total dissolved solids (TDS). Groundwater with a mean
concentration of TDS of less than 3,000 mg/L can be used for public and private water
supplies. Groundwater with a mean concentration of TDS of greater than or equal to
3,000 mg/L can be used for agricultural and industrial purposes, municipal processes, and
cooling water (OWRB, 2013). The significance of the levels of TDS cannot be
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overemphasized. For instance, public and private water sources with less than 3,000
mg/L of solids will need minimal treatment of their drinking water, water with solids in
the range of 5,000 mg/L solids will have limited use, and water with greater than 10,000
mg/L mineral content is nonbeneficial for use because of its poor quality and need for
further treatment (Smithee, 2009). For most Oklahomans on groundwater, obtaining
information about the quality of the groundwater will help them to make decisions that
will protect their water source.
Geologic Formation and Ecology
Oklahoma has 77 counties, with Osage being the largest of them. It is a diverse
state that has 10 geologic formations spanning 70,000 square miles (Johnson, 2008;
Perlman, 2013). The distance from north to south and from east to west is 482 miles and
230 miles, respectively. Oklahoma has an elevation of about 290 feet at its lowest point
and 4,970 at the highest point (Johnson, 2008). This elevation is significant because of its
impact on precipitation around the state.
Of the 1,629 public water systems in Oklahoma, 909 use groundwater as their
primary source of water. These systems provide more than 734,553 Oklahomans with
drinking water (Smithee, 2005). In addition to public water systems, many rural
Oklahomans get their water from 44,435 private water wells registered with the OWRB
that serve approximately 150,000 individuals statewide (Smithee, 2005). Informed
private well users will be able to make informed decisions based upon available
information.

37
Physiographic Provinces
Oklahoma is located within six major physiographic provinces that are
differentiated based upon their geological formations (Ryder, 1996). These physiographic
features affect evapotranspiration as well as the quantity and quality of precipitation that
percolate and recharge Oklahoma’s aquifers or groundwater (Ryder, 1996). The quality
of groundwater is important because the majority of private well users depend on it as
their only source of drinking water.
Exposure to N-nitroso compound, converted nitrogen species, found in various
food items and drinking water might be of public health concern to consumers. Human
beings also are exposed to transformed nitrogen species via the environment; this
exposure can result in the formation of transformed nitrogen species endogenously
(Brender, Olive, Felkner, Suarez, Marckwardt, et al., 2004; Croen et al., 2001).
Griesenbeck et al. (2010) noted that these transformations had health implications in
observed laboratory animals. Griesenbeck et al. studied the relationship between various
maternal characteristics and the exposure to nitrogen species from dietary sources. They
found that the exposure to nitrogen species varied demographically. However,
Griesenbeck et al. concluded that targeted, focused, and stratified research is need to
determine the risk between converted nitrogen species and the health implications of
unborn children. Other researchers who have investigated the relationship between Nnitroso precursors associated health effects have reached the same conclusion (Huber et
al., 2013; Smith, Hold, Tahara, & El-Omar, 2006; van Grinsven et al., 2006). Sources of
nitrate must be identified because food and drinking water are possible sources of N-
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nitroso compounds. This type of clarity might help to inform private well owners about
the various sources of nitrate in the environment.
Human beings are exposed to contaminants such as nitrate and nitrite via the
environment. Gupta et al. (2008) noted that exposure to nitrate ingestion above the MCL
has health implications. Some research has identified the health effects of drinking water
nitrate on infants, but whether nitrate contributes to adverse health outcomes for adults
remains controversial (Manassaram et al., 2010; Pawełczyk, 2012; Suvedi & Krueger,
2000). Karimzadeh et al. (2012) found that the intake of dietary nitrogen species (i.e.,
nitrate and nitrite) has the opposite health effect. The results identified an increased risk
of lung cancer with meat consumption and a reduced of risk with fruit intake. Nitrate
might be procarcinogen when combined with nitrogen compounds endogenously, which
could be a precursor to animal cancer (McElroy et al., 2008; Mitacek et al., 2008; Tricker
& Preussmann, 1991; Van Grinsven, Rabl, & de Kok, 2010), following the reduction of
nitrate to nitrite with the help of enzymes in the saliva (Walker, 1990). Gupta et al. also
indicated that nitrate is a controversial carcinogenic ion that needs further investigation.
Other researchers have observed more effects, including miscarriages and diarrhea (S.
Kim et al., 2012; Ostro, Roth, Malig, & Marty, 2009); hypothyroidism (Weinhold, 2010);
and other health implications (Gupta et al., 2008). There is a potential health risk from
nitrate and its derivatives, so private well owners should be made aware of how they
could affect them.
Researchers also have provided evidence of the health effects of nitrate (nitrogen
species) on populations exposed to nitrate concentrations above the MCL of 10 mg/L.
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Nitrate derivatives might be mutagenic above the MCL. Gatseva and Argirova (2008)
evaluated the health effects of nitrogen species on pregnant women and children based
upon levels of iodide in the thyroid. Gatseva and Argirova found that the health impact
on the women was significant; there was no impact on the children. Gatseva and
Argirova showed that a nitrate concentration above the MCL could have adverse health
impacts on vulnerable populations.
In another case, Weinhold (2010) noted a relationship between nitrate ingestion
and thyroid cancer. On the contrary, Tulupov, Prikhod’ko, and Fomichenko (2001) found
that nitrites, when combined with amines derivatives, are carcinogenic agents. GalavizVilla et al. (2010) reported that the potential negative health effects of nitrate can lead to
problems such as dysfunction of the thyroid gland; however, Galaviz-Villa et al. also
argued that nitrate in drinking water as a carcinogenic agent is inconclusive. Nitrate
exposure could be a potential health risk to private well owners who consume drinking
water containing a concentration of nitrate greater than the USEPA’s (2012c) MCL of 10
mg/L.
Health implications based upon an association between nitrate and cancer have
been inconclusive. Thorpe and Shirmohammadi (2005) explored a possible association
between drinking water nitrates and herbicides among vulnerable populations for signs of
cancer. Ward et al. (2005) studied colon cancer and neural tube defects, and they
identified nitrogen species as a precursor for cancer that can impact the health of unborn
infants. Ward et al. concluded that in-depth studies should be conducted before any
policy changes on drinking water MCLs are made. Nitrate and nitrite might play a role in
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the etiology of cancer; the derivatives of nitrate have health implications (Tricker &
Preussmann, 1991) that could include having an impact on the lymphatic system
(Bogovski & Bogovski, 1981; Gulis, Czompolyova, & Cerhan, 2002; Mirvish,
Weisenburger, Salmasi, & Kaplan, 1987). Nitrate exposure could be a potential health
risk for cancer; therefore, private well owners should be made aware of the health risks
related to groundwater nitrate exposure.
Anthropogenic changes in the quality of groundwater over the decades cannot be
overemphasized, especially in rural areas. The growing population will increase their use
of agricultural fertilizers to boost crop production; this use is the primary source of nitrate
contamination in private wells. The rural population obtain their drinking water from
private wells. Rogan and Brady (2009) noted that about 50,000 U.S. households rely on
private wells as their water source. However, the quality of the water in these wells
cannot be guaranteed because private wells are not regulated (USEPA, 2012c). States
regulate well construction and control how much water is withdrawn from various
aquifers, but individual wells are no longer monitored after construction unless they are
for public use. Private well users are the custodians of their wells, so the quality of the
water depends entirely on how well they maintain the wells. Vulnerable individuals in
these households might be exposed to chemical contaminants because there is no testing
requirement to check the water quality.
Nitrates and Human Health
Human beings consume more nitrate from food than from air and drinking water
combined (World Health Organization [WHO], 2007).The public health challenge that
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nitrate poses cannot be overemphasized, especially among those rural residents in
Oklahoma who depend on private wells as their source water. The endogenous
metabolism of nitrate coverts it to nitrite, which is the reactive form of nitrogen in human
beings, especially among infants (Galaviz-Villa et al., 2010; Gupta et al., 2008;
Manassaram et al., 2010; Tulupov et al., 2001; Vitoria, Brines, Morales, & Llopis, 1991;
WHO, 2007). For private well users, the presence of nitrate above the USEPA’s (2012b)
MCL of 10 mg/L might present some health concerns, especially if infants are in the
household. Homeowners must be informed about the hazard of nitrate exposure and the
health implications for methemoglobinemia.
Nitrogen species (nitrate and nitrite) occurs naturally in the environment. Sources
of nitrate can be either point sources or nonpoint sources. Human beings assimilate
nitrate into the body; however, the problem is not the nitrate, but the nitrite that forms
when nitrate converts to nitrite. Manassaram et al. (2006) concluded that except for
methemoglobinemia, researchers have not provided enough data on the health
implications of nitrate on unborn children. Gulis et al. (2002), Tulupov et al. (2001),
Ward et al. (2005), and the WHO (2007) asserted that nitrate is a public health concern
and supported Manassaram et al.’s conclusion about the health effects of nitrate. Public
health communities must educate private well users to make them aware of the health
effects.
Nitrate is a common contaminant in Oklahoma resulting from fertilizer
application, especially among rural residents on private wells. Zeman et al. (2011)
examined Iowa private well users’ drinking water below the MCL of 10 mg/L nitrate-
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nitrogen (nitrate-N). Zeman et al. found adverse health implications in nitrate
concentration below the MCL. They also observed that nitrate serves dual purposes. For
example, even though nitrate is essential for human health (Archer, 2002), a
concentration of nitrate above an MCL of 10 mg/L poses a threat to human health (Avery
& L’hirondel, 2003). There is a need to develop a program that will educate private well
owners on the complexities of nitrate in the environment.
Stakeholders such as the U. S. Department of Human Services (2010) and the
American Academy of Pediatrics (as cited in Rogan & Brady, 2009) have advocated for
well testing as a way to mitigate children’s exposure to nitrate. Hoppe et al. (2011)
analyzed the results of private well testing from real estate transactions in Oregon and
found that the state’s counties had the largest number of wells in Oregon containing
elevated levels of nitrate. Similarly, in an analysis of available nitrate data from private
wells in individual households tested between 1999 and 2008, the ODEQ (2010) found
that private wells could have nitrate concentrations exceeding the USEPA’s (2012c)
standard. There are potential health risks to exposure of high nitrate levels above the
MCL of 10 mg/L (Hoppe et al., 2011).
No federal law or program monitors the quality of private wells, unlike the
SDWA (1974, as cited in USEPA, 2006), which monitors public water systems. Under
the SDWA, the USEPA (2012c) sets MCLs for drinking water supplied through public
water systems. Yet, even though approximately 45 million people in the U.S. population
rely on groundwater from private wells, the quality of this water cannot be guaranteed
(Hoppe et al., 2011). Private wells are not regulated, so for Oklahoma private well users,
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programs that could bring awareness and information about the issues of water
contaminants and the health effects of nitrate in groundwater will be beneficial to the
community and public health.
Summary and Transition
In Chapter 2, I reviewed the relevant literature on nitrate and community
perceptions among the stakeholders. Great numbers of the U.S. population rely on private
wells for household needs, but the quality of this water cannot be guaranteed (Hoppe et
al., 2011). Concern about the concentration of nitrate in drinking water might not be well
understood, especially among private well users. Hexemer et al. (2008) noted that the
lack of education about proper well maintenance and the inconvenience of spending time
on well maintenance by private well users are key barriers to private well water
stewardship. Furthermore, private wells are unregulated, so the magnitude of potential
contaminants might not be known and might present a public health challenge to private
well users. The review of the literature showed that researchers have conducted few
empirical studies evaluating community members’ perceptions of collaboration in and
barriers to the management of health threats in private well water sources (Jones et al.,
2006). Developing an understanding of this issue from the perspectives of private well
owners, who might have different levels of interest, is the first step toward private well
water sustainability. By conducting a survey, I gained community members’ perceptions
of community collaboration as a method to achieve sustainability.
In Chapter 3, I describe the study design, target population, study sample, setting,
data collection and analysis protocols, and ethical treatment of the participants.
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Chapter 3: Research Method
Introduction
The purpose of this quantitative study was to examine data on nitrate
concentration and cases of congenital cardiac defects in Oklahoma. It was my intention to
describe and understand community members’ perceptions of community collaboration
to achieve groundwater sustainability and the perceived barriers to obtaining community
collaboration among private well users in Oklahoma. I also wanted to determine whether
these community members’ perceptions of community collaboration and barriers to
achievement varied by demographic variables. Therefore I used the Sustainability and
Community Collaboration Survey.
I explored community members’ perceptions of community collaboration as a
method of sustaining private wells. I wanted to know whether certain demographic or
background variables (i.e., gender, age, home ownership, education, length of residence
in the area, use of water source for drinking water) were related to community members’
perceptions of community collaboration or barriers to community collaboration. I did not
look for causal relationships or associations because of limitations in the existing data,
lack of data, or other confounders; instead, I generated data for future research. In this
chapter, I explain the methods, including the research design, target population, study
sample, instrumentation, data collection and analysis protocols, and steps to protect the
participants’ rights.
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Research Design and Rationale
I employed a quantitative, cross-sectional, nonexperimental design to describe the
community members’ perceptions of community collaboration to achieve groundwater
sustainability and any perceived barriers to gaining such collaboration. I also explored the
relationship between and among these perceptions and the demographic characteristics of
the sample. The cross-sectional design was appropriate for this study because of its
descriptive and exploratory nature (Creswell, 2009). This design allowed me to spend my
limited time and funding to gather, analyze, and interpret the data from the sample. I also
found this design helpful in assessing the relationship between and among the variables
of interest, thus facilitating the generation of hypotheses (Page et al., 1995). In addition,
because the design required fewer participants to detect an association, it gave me the
flexibility to explore numerous health outcomes and related risk factors at the same time.
An advantage of cross-sectional studies is that the data can be collected all at once and
there is no need for follow-up activities (Creswell, 2009; Page et al., 1995).
I used a survey to assess community perceptions of the collaboration and barriers
to attain groundwater sustainability among private well owners. Households that depend
on private well water as their only source of drinking water are at risk of exposure to
contaminants such as nitrate (USEPA, 2012c). This exposure is more likely to occur in
private wells because they are unregulated in most areas of Oklahoma. This design
helped me to collect information from the respondents pertaining to their perceptions of
water quality and alternative water sources because the design is strongly rooted in
theory.
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When the temporal nature of a phenomenon is not clear, it also is likely that
intervening events will confound a follow-up study (Rindfleisch et al., 2008). The
households in this case were able to provide the required information at the time of the
survey, making attrition, as in longitudinal studies, unlikely (Rindfleisch et al., 2008).
This was a hypothesis-generating study, so I did not make any association between levels
of nitrate concentration and health outcomes; rather, I focused on rural residents’
perceptions of their groundwater quality.
The primary purpose of quantitative research is to evaluate the relationship
between and among IVs and DVs. In quantitative studies, researchers focus on
descriptive analysis to describe a one-time phenomenon by which the participants are
measured (Babbie, 2007; Trochim & Donnelly, 2007). A quantitative methodology was
suitable for this study because it allowed me to use closed-ended survey questions to
gather information for future analysis and interpretation. Qualitative researchers prefer
the use of open-ended questions that allow the participants to express their own views. In
this study, I gathered information and data about community members’ perceptions of
community collaboration to achieve groundwater sustainability and any perceived
barriers to obtain such collaboration using a quantitative approach. I used the data to
explore the relationship between these perceptions and the demographic characteristics of
the sample.
Qualitative research is usually exploratory, so researchers focus on qualitative
measures or observations of natural phenomena (Lofland & Lofland, 1995). Researchers
interested in mixed methods or multistage studies have to combine qualitative and

47
quantitative designs (Babbie, 2007; Creswell, 2009; Trochim & Donnelly, 2007).
Qualitative research did not provide the depth of uniformity of responses required for this
type of research because of the use of open-ended questions, which might sometimes
require interviewing the participants. For these reasons, neither a qualitative design nor a
mixed methods design was appropriate.
Setting and Sample
Setting
The setting was in the state of Oklahoma. In this study, I delineated the
characteristics of the state (e.g., population, race distribution, drinking water sources,
number of private well users, nitrate level, and incidence of congenital cardiac defects). I
concentrated on households in Oklahoma that use private wells as their only source of
water. I used random sampling to select representative households. This sampling method
allowed me to choose a sample from a given target population; each household had an
equal opportunity of being selected (Thompson, 2002). The target population were all
households in Oklahoma County, which comprises Edmond, Midwest City, Del-city,
Bethany, Arcadia, and Moore, with a total population of 718,633 who use private wells.
I obtained a list of addresses of private well owners from the OWRB. I addressed
the survey to the resident of each household where the private well was located. I
assigned a nonskipping and unique numerical value to each household in this list. Then, I
selected sample households using computer-generated random numbers. I used Microsoft
Excel’s RAND function to generate random numbers. I then assigned one random
number to each address where a private well was located using a function called INDEX.
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Sample Size
I conducted the power analysis and sample size calculation using G*Power
v.3.1.3 for Windows. I modeled the data using multiple linear regression with 10
predictor variables, 95% power, and 5% significance level to detect medium effect size
(effect size f ² = 0.15). A sample size of 172 was required. I used power analysis and
sample calculation method to generate the needed sample size (Erdfelder, Faul, &
Buchner, 1996). Following are the input provided to G*Power and the output generated
by the software:
F tests - Linear multiple regression: Fixed model, R² increase
Analysis: A priori: Compute required sample size
Input: Effect size f ² = 0.15
α err prob = 0.05
Power (1-β err prob) = 0.95
Number of tested predictors = 10
Total number of predictors = 10
Output: Noncentrality parameter λ = 25.8000000
Critical F = 1.8899310
Numerator df = 10
Denominator df = 16
Total sample size = 172
Actual power = 0.95
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Figure 1 shows the relationship between power and size at different levels of
effective size using the same input parameters as in sample size calculation.

Figure 1. Power versus sample size at different effect sizes.
Instrumentation
I used a self-reported survey instrument to collect the data from private well
owners. I sought and received permission to modify the original instrument, which was
been developed by Dr. David Mulhearn of the University of Southern Maine, LewistonAuburn College (see Appendices C & D). The survey is divided into three sections.
Section A comprises definitions of sustainable water systems, restriction of use, and
community collaboration. I also used Section A to collect information about the
participants (e.g., age, gender, education) and background information (e.g., ownership of
property, length of stay, etc.) via multiple-choice questions. Section B includes a six-item
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scale assessing the participants’ perceptions of community collaboration to achieve
groundwater sustainability. Each item in this section is answered using a 5-point Likert
scale ranging from 1 (strongly disagree) to 5 (strongly agree). Section C holds a fiveitem scale assessing the participants’ perceptions of the barriers to community
collaboration. Like the items in Section B, each item in Section C is answered using a 5point Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree). In addition,
Section C contains one descriptive type and open-text field response question about any
other barriers to community collaboration not covered in the five-item scale.
I stored the answers to the multiple-choice questions in Section A as categorical
dummy variables and the answers with numerical values (e.g., age) as categorical
variables. I aggregated the scores from the six items in Section B to calculate the total
perception score, which had a minimum value of 6 and a maximum value of 30. A higher
total perception score indicated that the participants had a more positive perception of
community collaboration in achieving drinking water sustainability. However,
participants with a lower total perception score placed small value on community
collaboration to achieve water sustainability. Likewise, I aggregated the responses from
Section C to calculate a total barrier score that ranged from 5 to 25. A higher total barrier
score indicated perceptions of stronger barriers to community collaboration. A lower total
barrier score indicated perceptions of few barriers to community collaboration to develop
sustainable water sources.
I assigned each completed survey a numeric identifier. I then entered and stored
the data from the completed surveys on an Excel spreadsheet. These raw data are
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available electronically to my Walden University committee members upon request. I
will shred all paper copies of the survey, and I will store all electronic copies of the raw
data for 5 years before destroying them.
I modified the original survey primarily by removing questions about surface and
public water sources and replacing them with questions about private wells. I included
additional questions that addressed this study’s RQs specifically. The extra questions in
this case were within the general environment categories, which was where most of the
variance occurred. I added some questions not in the original survey to identify areas
relevant to my research.
Modifying the original survey was necessary for the purposes of this study, so the
reliability of the modified instrument could have become a concern. The reliability
coefficient of the original instrument was > .70 (Mulhearn, 2007). To ensure the internal
validity of the data based upon the modified survey, I conducted a pilot test of the survey
with 20 participants, all of whom are residents of Oklahoma. I excluded any participant
from the main study in the sample who completed the pilot survey. I assessed the internal
consistency and reliability of the two composite scores via Cronbach’s alpha for a
coefficient .70 or more. The reliability coefficient of the original instrument was > .70
(Mulhearn, 2007).
Pilot Study
As mentioned, I pilot tested the final version of the survey with 20 participants to
ensure that the questions were clear and reflected the RQs, and served as a way to
determine the internal consistency of the questionnaire. If needed, I added or removed
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questions to improve the validity and reliability of the survey based upon the
performance, suggestions, and recommendations of the pilot study participants.
Dependent Variables
The total perception score and the total barrier score were the dependent
variables, or DVs. Both variables were continuous.
Independent Variables
This study had 10 independent variables, or IVs: age, sex, education,
homeownership, length of stay in this area, distance from animal waste sites or
agricultural property, use of private well, source of drinking water, membership in
homeowners/landowners association, and desire to join homeowners/landowners
association. Age was categorized as 18 to 34 years 35 to 54 years, 55 to 65 years, 65 to
74 years, and 75 to 85 years. Length of stay (LOS) in the county was categorized as all
my life, Greater than 10 years, 5 to 9 years, and less than 5 years. Distance from animal
waste sites or agricultural property was categorized as less than 5 miles, 5 to less than 10
miles, 10 to less than 15 miles, and more than 15 miles. Sex was categorized as male
(sex = 1) and female (sex = 2). The independent variables (IVs) were categorized because
some individuals responded better to age and residence categories rather than by offering
specific responses. I grouped education as no high school diploma (education = 1), high
school diploma (education = 2), some college courses (education = 3), bachelor’s degree
(education = 4) or graduate degree (education = 5). Homeownership was categorized as
yes (own = 1) or no (own = 2). Use of private well was categorized as irrigation (use = 1),
industrial use (use = 2), domestic use (use = 3) or agricultural use (use = 4). Source of
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drinking water was categorized as public water supply (source = 1), private well (source
= 2), bottled water (source = 3), and do not know (source = 4). Membership in
homeowners/landowners association was categorized as yes (membership = 1) or no
(membership = 2). Similarly, desire to join homeowners/landowners association was
categorized as yes (join = 1) or no (join = 2; see Table 1).
Table 1
Descriptions of Important Study-Related Variables
Variable
DVs
Total perception score
Total barrier score
IV
Age

LOS in county

Distance

Sex

Education

Own

Description

Type of variable

Total perception score calculated from responses to
questions in Section B (values between 6 and 30)
Total perception score calculated from responses to
questions in Section C (values between 5 and 25)

Continuous

Age of participant
18-34 yrs
35-54 yrs
55-65 yrs
65-74 yrs
75-85 yrs
How long have you lived in your county?
All my life
> 10 yr
5-9 yr
< 5 yr
Distance from animal waste sites or agricultural property
< 5 miles
> 5 to < 10 miles
> 10 to < 15 miles
> 15 miles
Gender of participant
Male: Sex = 1
Female: Sex = 2
Education of participant
No high school diploma: Education = 1
High school diploma: Education = 2
Some college courses: Education = 3
Bachelor’s degree: Education = 4
Graduate degree: Education = 5
Homeownership
Yes: Own = 1
No: Own = 2

Categorical

Continuous

Categorical

Categorical

Categorical
(binomial)
Categorical

Categorical
(binomial)
Table 1 Cont’d
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Variable

Use

Source

Membership

Join

Description

Use of private well
Irrigation: Use = 1
Industrial: Use = 2
Domestic: Use = 3
Agricultural: Use = 4
Source of drinking water
Public water supply: Source = 1
Private well: Source = 2
Bottled water: Source = 3
Membership with homeowners/landowners association
Yes: Membership = 1
No: Membership = 2
Desire to join homeowners/landowners association
Yes: Join = 1
No: Join = 2

Type of variable

Categorical

Categorical

Categorical
(binomial)
Categorical
(binomial)

Survey Distribution
I conducted a mailed survey of private drinking water well owners in Oklahoma
counties. The mailing list comprised 4,000 randomly selected addresses of private well
owners registered with the OWRB. I selected 1,310 addresses from this list and then sent
the survey initially to 600 residents to obtain their perceptions of private drinking water
well sustainability using Dillman et al.’s (1995) four-stage mail survey methodology.
Included with the survey were a cover letter and a self-addressed, stamped return
envelope. After 15 days, I sent a reminder to all nonresponders. Following the reminder
letter, I sent another package to the next 710 residents who were not on the initial mailing
list and who had not yet received the survey among the 1,310 selected addresses. Finally,
I analyzed the total number of responses using SAS v.9.2 for Windows.
Data Collection and Analysis Plan
I mailed the survey package to each household randomly selected to be in the
sample. To be eligible to participate in the study, a household had to (a) be inside the
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administrative boundaries of Oklahoma, and (b) have a private well on the property. Any
household that failed to complete the survey, was located outside of Oklahoma’s state
boundary, did not have a private well on the property, or wished to withdraw early from
the study was excluded from the final analysis.
I completed all statistical analyses using SAS v.9.2 for Windows. Initial analysis
included descriptive statistics of the demographic characteristics of the sample and the
distribution of the background variables. I reported the descriptive statistics of the
categorical variables (sex, education, homeownership, use of private well, source of
drinking water, membership in homeowners/landowners association, and desire to join
homeowners/landowners association) as proportions or percentages. Similarly, I reported
descriptive statistics of the continuous variables (total perception score, total barrier
score, age, length of stay in the area, and distance from animal waste sites or agricultural
property) as means and standard deviations. Statistical significance of the relationship
between the DVs and the IVs was tested at the 5% significance level.
Research Questions
The study was guided by two RQs and hypotheses:
1. What is the relationship between the community perceptions of stakeholders’
collaboration and the demographic characteristics of the study sample (i.e.,
age, gender, education, homeownership, length of stay in the area, distance
from animal waste sites or agricultural property, use of private well, source of
drinking water, membership in homeowners/landowners association, and
desire to join homeowners/landowners association)?
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H01: Community perceptions are not affected by any demographic factors of the
sample (i.e., age, gender, education, homeownership, length of stay in the area, distance
from animal waste sites or agricultural property, use of private well, source of drinking
water, membership in homeowners/landowners association, and desire to join
homeowners/landowners association).
Ha1: Community perceptions are affected by at least one of the demographic
factors of the sample (i.e., age, gender, education, homeownership, length of stay in the
area, distance from animal waste sites or agricultural property, use of private well, source
of drinking water, membership in homeowners/landowners association, and desire to join
homeowners/landowners association).
2. What is the relationship between community barriers to stakeholders’
collaboration and the demographic characteristics of the study sample (i.e.,
age, gender, education, homeownership, length of stay in the area, distance
from animal waste sites or agricultural property, use of private well, source of
drinking water, membership in homeowners/landowners association, and
desire to join homeowners/landowners association)?
H02: Community barriers to stakeholders’ collaboration are not affected by any
demographic factors of the sample (i.e., age, gender, education, homeownership, length
of stay in the area, distance from animal waste sites or agricultural property, use of
private well, source of drinking water, membership in homeowners/landowners
association, and desire to join homeowners/landowners association).
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Ha2: Community barriers to stakeholders’ collaboration are affected by at least one of the
demographic factors of the sample (i.e., age, gender, education, homeownership, length
of stay in the area, distance from animal waste sites or agricultural property, use of
private well, source of drinking water, membership in homeowners/landowners
association, and desire to join homeowners/landowners association).
To address each RQ, I used simple and multivariate linear regression models. I
assessed the relationship between total perception score and each IV using simple linear
regression. I then built a multivariate linear regression model that contained age, sex,
education, homeownership, length of stay in this area, distance from animal waste sites or
agricultural property, use of private well, source of drinking water, membership in
homeowners/landowners association, and desire to join homeowners/landowners
association as the IVs (explanatory variables), and total perception score as the DV
(outcome variable). Results of this multiple linear regression model provided the adjusted
effect of each IV to determine the total perception score.
Similarly, I assessed the relationship between total barrier score and each IV
using simple linear regression. I then built a multiple linear regression model to assess the
adjusted effect of each IV on the total barrier score. Statistical significance of the
relationship between the DV and the IVs was tested at the 5% significance level.
Justification of Analysis
Multiple linear regression is a mathematical technique used to model the
relationship between continuous variable types of IVs and numerous IVs. Unlike a simple
linear regression, in which the model uses a single predictor variable, multiple linear
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regression incorporates a different mix of continuous as well as categorical (discrete) IVs
(Glantz & Slinker, 2000; Kleinbaum, Kupper, Muller, & Nizam, 1997). This model
helped me to determine not only which predictors (IVs) were important and their effect
size but also the structure by which these multiple predictors simultaneously associated
with the DV.
I used this model to determine whether the multiple predictors that influenced the
DV did so independently or by interacting with each other (Slinker, 1998). However, to
consider the results of this linear regression model accurate and valid, I needed to satisfy
the assumptions of (a) linearity of a relationship between and the DV and IVs,
(b) independence of the error terms, (c) constant variance of error terms, and
(d) normal distribution of error terms. In addition, I assessed the correlation between and
among different IVs because an association between two or more IVs could have affected
the results of the study (Bryan & Stanton, 2008).
Ethical Considerations
I did not collect any personal information (e.g., name, phone number, Social
Security number, etc.) from any participants. I assigned a unique identifier to each
participant during data collection to avoid duplicate records. I transferred all of the data
collected through the paper survey to a computer data set and then stored them in my
password-protected personal computer, restricting access to any external users. I then
shredded and destroyed all paper documentation. I followed strict privacy guidelines
during the data collection, analysis, interpretation, and dissemination phases of the study.
I obtained approval from Walden University’s Institutional Review Board (IRB approval
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#05-15-14-0123445) prior to conducting any part of this study. I reported all results at the
aggregated or group level as well as any relevant or substantive changes in the study
protocol to the IRB.
Summary and Transition
In this chapter, I provided a description of the methodology, including the
research design and rationale, methodology, target population, setting, and sample, as
well as information about the pilot study, instrumentation, data collection and analysis
protocols, and ethical considerations. The study results and interpretation of those results
comprise an integral part of Chapter 4. The data analysis described in Chapter 4 also
provides information on nitrate concentrations and the prevalence of congenital cardiac
defects, as well as differences in the opinions and perceptions of a sample of private well
users. Simple and multivariate linear regression models were used to test the hypotheses.
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Chapter 4: Results
Introduction
The purpose of this study was to examine data describing nitrate concentration
and cases of congenital cardiac defects. I explored community members’ perceptions of
community collaboration as way of sustaining private water wells. I determined whether
demographic variables (i.e., age, gender, education, homeownership, length of stay in the
area, distance from animal waste sites or agricultural property, use of private well, source
of drinking water, membership in homeowners/landowners association, and desire to join
homeowners/landowners association) influenced individual perceptions of how
communities could collaborate to mitigate health threats in private well water sources or
whether the variables revealed barriers to such community collaboration that needed to be
removed.
I did not determine causal relationships or associations because of data limitations
or confounders. As such, the study can serve only as a platform to generate hypotheses
for future research. I used a quantitative, nonexperimental design to (a) describe the
community members’ perceptions about achieving groundwater (private well)
sustainability, (b) identify any perceived barriers to collaborating to mitigate health
threats, and (c) explore the relationship between these perceptions and the demographic
characteristics of the sample.
In this chapter, I describe the methodology, including the research design and
rationale, methodology, target population, setting, and sample, and I provide information
about the pilot study, instrumentation, data collection and analysis, and ethical
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considerations. Chapter 4 also presents the results of this quantitative, cross-sectional,
nonexperimental study. Simple and multivariate linear regression models were used to
test the hypotheses.
Research Questions and Hypotheses
The study was guided by two RQs and hypotheses:
1. What is the relationship between the community perceptions of stakeholders’
collaboration and series of demographic characteristics of the study sample?
H01: Community perceptions are not affected by any demographic factors of the
study sample.
Ha1: Community perceptions are affected by at least one of the demographic
factors of the study sample.
2. What is the relationship between community barriers to stakeholders’
collaboration and series of demographic characteristics of the study sample?
H02: Community barriers to stakeholders’ collaboration are not affected by any
demographic factors of the sample.
Ha2: Community barriers to stakeholders’ collaboration are affected by at least
one of the demographic factors of the sample.
Descriptive Statistics
The final sample provided responses from 244 households, with 175 male
(72.6%) and 66 female (27.4%) respondents. As mentioned, 244 surveys were returned,
231 of which were completed in full. Three respondents did not specify either gender. For
some computations in this study, analysis was based upon the number of respondents
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who answered particular questions. It was not totally based upon either the 244 overall
respondents or the 231 participants who completed all of the questions on the survey.
Regression analysis used 231 completed questionnaires. I had wanted to capture the
opinions of the 244 respondents who returned the questionnaire on every question
answered collectively, irrespective of the fact that the survey was not answered
completely. For the statistical analysis, I used t test (for binomial IVs) and ANOVA (for
multinomial IVs) to assess whether differences in mean total perception scores were
significant across different levels of IVs.
The independent variables (IVs) were categorized because some individuals
responded better to age and residence categories rather than by offering specific
responses. Along the same line of reasoning, the data were analyzed based upon those
categories and groupings of the variables. More than 35.7% (n = 87) of respondents were
between the ages of 55 and 65 years, followed by 29.1% (n = 71) between the ages of 35
and 54 years. Almost 28% (n = 68) of respondents were 65 years and older, and 7.4%
(n = 18) of respondents were between the ages of 18 and 34 years (see Table 2). Most
respondents (71.1%, n = 172) had either a bachelor’s degree or a graduate degree, 21.5%
(n = 52) had completed some college courses, and 7.4% (n = 18) had high school or
lower education. More than 93% (n = 224) of respondents owned their residences, and
85.2% (n = 208) had lived in their respective counties for either more than 10 years or all
of their lives. Of the whole sample, 62.6% (n = 152) indicated living within 5 miles of an
animal waste site or farmland, 23% (n = 56) lived between 5 and 10 miles from an animal

63
waste site or farmland, and 14.4% (n = 35) lived more than 10 miles from an animal
waste site or farmland.
Almost 80.5% (n = 194) of the respondents used private wells for irrigation and
85.1% (n = 205) used them for domestic use. A total of 36.6% (n = 89) used bottled water
for drinking; 84.4% (n = 205) used private or domestic wells for drinking; 43% of
households used both private or domestic well and bottle water for drinking; and 15.2%
(n = 37) used public water supplies (i.e., community wells, surface water, or community
wells and surface water). A total of 38.5% (n = 94) of respondents were member of
homeowners associations, and 48.1% (n = 116) wanted to join homeowners associations.
Table 2
Distribution of Study Sample
IVs
Use of
private
Well

Irrigation use
Domestic use of water
Other use

Source of
drinking
water

Community well
Surface water
Community well or surface water
Private well
Bottled water

Age

Gender
Education

Categorical/Categorical
binomial
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
18-34 yr
35-54 yr
55-65 yr
65-74 yr
75-85 yr
Female
Male
High school diploma or lower

n (%)
47 (19.5%)
194 (80.5%)
36 (14.94%)
205 (85.06%)
231 (95.85%)
10 (4.15%)
233 (95.88%)
10 (4.12%)
232 (95.47%)
11 (4.53%)
225 (92.59%)
18 (7.41%)
38 (15.64%)
205 (84.36%)
154 (63.37%)
89 (36.63%)
18 (7.38%)
71 (29.1%)
87 (35.66%)
47 (19.26%)
21 (8.61%)
66 (27.39%)
175 (72.61%)
18 (7.44%)
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IVs

Own a residence
LOS in county

Distance from animal waste site or farmland

Member of homeowners association
Consider joining homeowners association

Categorical/Categorical
binomial
Some college courses
Bachelor’s degree
Graduate degree
No
Yes
All my life
> 10 yr
5-9 yr
< 5 yr
< 5 miles
> 5 to < 10 miles
> 10 to < 15 miles
> 15 miles
No
Yes
No
Yes

n (%)
52 (21.49%)
76 (31.4%)
Table 2 Cont’d
96 (39.67%)
16 (6.67%)
224 (93.33%)
74 (30.33%)
134 (54.92%)
23 (9.43%)
13 (5.33%)
152 (62.55%)
56 (23.05%)
22 (9.05%)
13 (5.35%)
150 (61.48%)
94 (38.52%)
125 (51.87%)
116 (48.13%)

Table 3 shows the distribution of total perception score by various IVs in this
study. I used the t test (for binomial IVs) and ANOVA (for multinomial IVs) to assess
whether the different in mean total perception score was significantly different across
different levels of IVs. Results showed that the mean total perception scores were
significantly different for education, distance of residence from an animal waste site or
farmland, use of bottled water for drinking, and use of private well for irrigation
(p value < .05). Mean total perception score was not different between groups for other
IVs. The mean total perception score was 16 for respondents with “no high school
diploma” and more than 19.53 for respondents with “bachelor’s or graduate degree.”
Similarly, mean total perception score was about 16.46 for respondents living more than
15 miles from an animal waste site or farmland. However, mean total perception score
was more than 19.30 for respondents living within 15 miles of an animal waste site or
farmland.
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Respondents who used bottled water for drinking had a higher mean total
perception score (19.64) than respondents who did not drink bottled water (18.85).
Similarly, respondents who used private wells for irrigation had a higher mean total
perception score (19.50) than respondents who did use private wells for irrigation
(17.79).
Table 3
Distribution of Total Perception Score
IVs
Use of private
Well

Category
Irrigation use
Domestic use
of water
Other use

Source of
drinking water

Community
well
Surface water
Community
well or
surface water
Private well
Bottled water

Age

Gender
Education

Own a residence
LOS in county

No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
18-34 yr
35-54 yr
55-65 yr
65-74 yr
75-85 yr
Female
Male
High school diploma
Some college courses
Bachelor’s degree
Graduate degree
No
Yes
All my life
> 10 yr
5-9 yr
< 5 yr

Total perception
score, M (min- max)
17.79 (4 - 24)
19.5 (6 - 26)
19.64 (14 - 24)
19.08 (4 - 26)
19.2 (4 - 26)
18.3 (12 - 21)
19.15 (4 - 26)
18.8 (14 - 22)
19.21 (4 - 26)
17.73 (12 - 23)
19.07 (4 - 26)
20.06 (14 - 24)
19.53 (14 - 24)
19.07 (4 - 26)
18.85 (4 - 26)
19.64 (12 - 24)
19.94 (16 - 24)
19.46 (12 - 24)
19.37 (11 - 26)
18.34 (4 - 24)
18.29 (6 - 24)
19.44 (14 - 24)
19.02 (4 - 26)
19.11 (12 - 26)
17.83 (6 - 24)
19.71 (12 - 26)
19.4 (4 - 24)
19.56 (12 - 24)
19.17 (4 - 26)
18.74 (6 - 26)
19.32 (4 - 24)
19.7 (16 - 24)
18.69 (15 - 23)

Statistic

p value

-2.893

.005*

1.019

.313

1.02

.331

0.495

.63

1.374

.197

-1.288

.212

0.805

.424

-1.878

.062

1.543

.19

0.961

.338

3.66

.013*

0.437

.668

0.758

.519
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IVs

Category

Distance from animal waste site
or farmland

<5 miles
> 5 to < 10 miles
> 10 to < 15 miles
> 15 miles

Member of homeowners
association
Consider joining homeowners
association
Note. *p value < .05

No
Yes
No
Yes

Total perception
score, M (min- max)
19.03 (4 - 26)
19.8 (12 - 24)
19.95 (14 - 24)
16.46 (6 - 22)
18.97 (4 - 26)
19.43 (14 - 26)
18.86 (4 - 26)
19.46 (11 - 26)

Statistic

p value

4.112

.007*
Table 3
Cont’d

-1.078

.282

-1.394

.165

Figure 2 shows the distribution of total perfection score by IV using boxplots to
depict how total perception scores were distributed based upon the number of responses.
Total perception scores were normally distributed when compared by different
categorical independent variable (IVs). The t test was appropriate for the comparison of
mean total perception score in different categories. Boxplots were used to describe the
continuous variables. As shown in Table 1, total perception score was a continuous
variable. In this figure, the total perception score was normally distributed by different
independent variables (IVs). Overall, the boxplot shows the distribution of scores by
categorical variables.
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Figure 2. Distribution of total perception score by IV.
Distribution of the total barrier score for each IV is shown in Table 4. Similar to
total perception score, I used the t test and ANOVA to test whether the mean total barrier
score was different across different groups of IVs. Results of this descriptive analysis
showed that the mean total barrier score was statistically significantly different by age
group, gender, educational level, and residence ownership. The mean total barrier score
also was significantly different by distance from an animal waste site or farmland
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(p value < .05). The mean total barrier score increased with increase in age group, with
the lowest mean total barrier score (14.22) among respondents between the ages of 18
and 34 years and the highest mean total barrier score (17.14) respondents 75 to 85 years
of age. Male respondents had a significantly higher mean total barrier score (16.67) than
female respondents (15.23).
Similar to the stepwise pattern seen with each age group, the mean total barrier
score increased with education level, suggesting that respondents with higher levels of
education perceived that there were stronger barriers to community collaboration more so
than respondents with lower levels of education did. The mean total barrier score was
16.83 for respondents with a graduate degree and 13 for respondents with no high school
diploma. Respondents who owned their residences (16.39) had higher levels of barriers
to community collaboration than respondents who did not own their residences (14.88).
Respondents who lived between 5 and 15 miles from an animal waste site or farmland
had a higher mean total barrier score (17.16) than respondents who lived more than 5 or
15 miles from an animal waste site or farmland.
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Table 4
Distribution of Total Barrier Score
Use of private
Well

IVs
Irrigation use
Domestic use of
water
Other use

Source of
drinking water

Community well
Surface water
Community well
or surface water
Private well
Bottled water

Age

Gender
Education

Own a residence
LOS in county

Distance from animal waste site or
farmland

Member of homeowner association
Consider joining homeowners
association
Note. *p value < .05

Category
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
18-34 yr
35-54 yr
55-65 yr
65-74 yr
75-85 yr
Female
Male
High school
diploma
Some college
courses
Bachelor’s
degree
Graduate degree
No
Yes
All my life
> 10 yr
5-9 yr
< 5 yr
<5 miles
> 5 to < 10 miles
> 10 to < 15
miles
> 15 miles
No
Yes
No
Yes

Barrier
15.89 (9 - 24)
16.36 (10 - 23)
15.67 (12 - 20)
16.37 (9 - 24)
16.24 (9 - 24)
16.8 (14 - 20)
16.31 (9 - 24)
15.5 (11 - 20)
16.35 (9 - 24)
14.73 (12 - 19)
16.35 (9 - 24)
15.44 (12 - 19)
15.74 (12 - 20)
16.38 (9 - 24)
16.16 (9 - 24)
16.49 (11 - 23)
14.22 (11 - 18)
15.51 (10 - 20)
16.78 (11 - 22)
16.89 (9 - 23)
17.14 (13 - 24)
15.23 (10 - 24)
16.67 (9 - 23)
14.78 (10 - 18)

Statistic

p value

-0.904

.37

-1.588

.118

-0.691

.505

0.774

.458

2.169

.052

1.895

.07

-1.523

.133

-0.908

.365

6.115

< .001*

-3.711

< .001*

3.79

.011*

-2.798

.011*

0.166

.919

4.283

.006*

-0.511

.61

-1.426

.155

15.75 (10 - 20)
16.22 (10 - 23)
16.83 (9 - 24)
14.88 (12 - 18)
16.39 (9 - 24)
16.36 (10 - 22)
16.3 (9 - 24)
15.91 (10 - 21)
16.15 (12 - 21)
15.81 (9 - 22)
17.16 (11 - 24)
17.18 (12 - 20)
16.15 (12 - 20)
16.2 (9 - 23)
16.39 (10 - 24)
16.04 (9 - 23)
16.55 (10 - 24)
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Figure 3 shows the distribution of the total barrier score by IV using boxplots to
depict how the total barrier scores were distributed based upon the number of responses.
Total barrier scores were normally distributed when compared by different categorical
independent variable (IVs). The t test was appropriate for the comparison of mean total
barrier score in different categories. Boxplots were used to describe the continuous
variables. As shown in Table 1, total barrier score was a continuous variable. In this
figure, the total barrier score was normally distributed by different independent variables
(IVs). Overall, the boxplot shows the distribution of scores by categorical variables.
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Figure 3. Distribution of total barrier score by IV.
Simple Linear Regression Model and Total Perception Score
A simple linear regression model was fit for each IV; total perception score as the
outcome variable. The result of each simple linear regression model is shown in Table 5.
Only the variable of irrigation use showed a statistically significant association with total
perception score. The mean total perception score was higher by 1.71 among respondents
who used their wells for irrigation than for those who did not (p value < .01).

74
Table 5
Simple Linear Regression Model With Total Perception Score as Outcome Variable
IVs
Irrigation use
Domestic use
Community well source
Surface water source
Community water and surface
water
Private well source
Bottled water source
Gender
Age

Education

LOS in county

Distance from animal waste site
or farmland

Member of homeowners
association

Intercept
Yes
Intercept
Yes
Intercept
Yes
Intercept
Yes
Intercept
Yes
Intercept
Yes
Intercept
Yes
Intercept
Male
Intercept
35-54 yr
55-65 yr
65-74 yr
75-85 yr
Intercept
Some
college
courses
Bachelor’s
degree
Graduate
degree
Intercept

Beta
estimate
17.79
1.71
19.64
-0.56
19.15
-0.35
19.21
-1.48
19.07
0.99
19.53
-0.46
18.85
0.79
19.44
-0.42
19.94
-0.48
-0.58
-1.6
-1.66
19.11
-1.28

t value

p value

95% CI

36.87
3.19
34.96
-0.91
86.78
-0.33
87.17
-1.43
85.12
1.2
35.76
-0.77
69.86
1.77
46.99
-0.87
25.31
-0.54
-0.67
-1.73
-1.54
24.46
-1.42

< .001*
< .001*
< .001*
.36
< .001*
.74
< .001*
.15
< .001*
.23
< .001*
.44
< .001*
.08
< .001*
.39
< .001*
.59
.51
.08
.12
< .001*
.16

16.84, 18.74
0.65, 2.77
18.53, 20.75
-1.76, 0.64
18.72, 19.59
-2.5, 1.79
18.77, 19.64
-3.52, 0.56
18.63, 19.51
-0.63, 2.61
18.45, 20.6
-1.63, 0.71
18.32, 19.38
-0.09, 1.67
18.62, 20.25
-1.38, 0.53
18.39, 21.5
-2.22, 1.26
-2.28, 1.13
-3.43, 0.22
-3.77, 0.46
17.57, 20.65
-3.07, 0.5

0.6

0.69

.49

-1.11, 2.31

0.28

0.33

.74

-1.39, 1.96

18.74

47.94

< .001*

17.97, 19.51

> 10 yr

0.58

1.19

.24

-0.38, 1.54

5-9 yr
< 5 yr

0.95
-0.05

1.19
-0.05

.24
.96

-0.63, 2.53
-2.04, 1.94

Intercept
> 5 to < 10
miles
> 10 to < 15
miles
> 15 miles

19.03
0.78

71.05
1.51

< .001*
.13

18.5, 19.55
-0.24, 1.79

0.93

1.23

.22

-0.56, 2.41

-2.56

-2.69

.01*

-4.44, -0.69

Intercept

18.97

69.2

< .001*

18.43, 19.51

0.45

1.02

.31

-0.42, 1.32
Table 5 Cont’d

Yes

75
IVs
Consider joining homeowners
association

Intercept

t value

p value

95% CI

62.74

< .001*

18.26, 19.45

0.6

1.39

.17

-0.25, 1.45

Intercept

19.56

23.39

< .001*

17.91, 21.21

Yes

-0.39

-0.45

.65

-2.1, 1.31

Yes
Own a residence

Beta
estimate
18.86

Note. *p value < .05

Multiple Linear Regression and Total Perception Score
Results of the multiple linear regression for RQ1 are presented in Table 6. Total
perception score was used as the outcome variable, and age, gender, education, home
ownership, length of stay in the area, distance from animal waste site or agricultural
property, use of private well, source of drinking water, membership in homeowners or
landowners association, and desire to join homeowners or landowners association were
used as the IVs. The regression equation for this model was written as the following:
𝑇𝑜𝑡𝑎𝑙 𝑃𝑒𝑟𝑐𝑒𝑝𝑡𝑖𝑜𝑛 𝑆𝑐𝑜𝑟𝑒
= 𝛽𝐴𝑔𝑒 + 𝛽𝐺𝑒𝑛𝑑𝑒𝑟 + 𝛽𝐸𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛 + 𝛽𝐻𝑜𝑚𝑒𝑜𝑤𝑛𝑒𝑟𝑠ℎ𝑖𝑝 + 𝛽𝐿𝑒𝑛𝑔𝑡ℎ𝑜𝑓𝑠𝑡𝑎𝑦
+ 𝛽𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑇𝑜𝑊𝑎𝑠𝑡𝑒𝑆𝑖𝑡𝑒 + 𝛽𝐵𝑜𝑡𝑡𝑙𝑒𝑑𝑊𝑎𝑡𝑒𝑟 + 𝛽𝑝𝑟𝑖𝑣𝑎𝑡𝑒𝑊𝑒𝑙𝑙𝐷𝑟𝑖𝑛𝑘
+ 𝛽𝐶𝑜𝑚𝑚𝑢𝑛𝑖𝑡𝑦𝑊𝑒𝑙𝑙𝐷𝑟𝑖𝑛𝑘 + 𝛽𝑆𝑢𝑟𝑓𝑎𝑐𝑒𝑊𝑎𝑡𝑒𝑟𝐷𝑟𝑖𝑛𝑘
+ 𝛽𝐶𝑜𝑚𝑚𝑢𝑛𝑖𝑡𝑦𝑊𝑒𝑙𝑙𝑆𝑢𝑟𝑓𝑎𝑐𝑒𝑊𝑎𝑡𝑒𝑟𝐷𝑟𝑖𝑛𝑘 + 𝛽𝐼𝑟𝑟𝑖𝑔𝑎𝑡𝑖𝑜𝑛𝑈𝑠𝑒 + 𝛽𝐷𝑜𝑚𝑒𝑠𝑡𝑖𝑐𝑈𝑠𝑒
After adjusting for the effects of other covariates (i.e., age, gender, education,
homeownership, distance from waste site, source of drinking water, and domestic use of
well water) in the model, the mean total perception score of the respondents who used
private wells for irrigation was higher by 1.87 than for respondents who did not use
private wells for irrigation (p value < .05). Similarly, respondents living more than 15
miles away from an animal waste site or farmland had a mean total perception score

76
lower by 2.85 than for respondents living within 5 miles of an animal waste site or
farmland (p value < .01). The p value for other IVs did not have a statistically significant
association with total perception score. The adjusted R2 showed that only a 10%
variability in total perception score was explained by the variables included in the model.
Table 6
Multiple Regression Model With Total Perception Score as Outcome Variable
IVs
Irrigation use
Domestic use
Community well source
Surface water source
Community water and surface water
Private well source
Bottled water source
Gender
Age

Education

LOS in county

Distance from animal waste site or
farmland

Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Male
Female
35-54 yr
55-65 yr
65-74 yr
75-85 yr
18-34 yr
Some college
courses
Bachelor’s degree
Graduate degree
High school diploma
or lower
> 10 yr
5-9 yr
< 5 yr
All my life
> 5 to < 10 miles
> 10 to < 15 miles
> 15 miles
< 5 miles

Estimate
1.88

SE
0.60

t value
3.10

-0.65

0.99

-0.33

1.40

-0.55

1.28

-0.01

1.07

-0.01

1.08

0.83

0.49

0.31

0.55

-0.50
-0.53
-1.95
-1.28

1.10
1.10
1.16
1.34

-1.94

1.04

p value
.00*
Reference
-0.65
.51
Reference
-0.24
.81
Reference
-0.43
.67
Reference
-0.01
.99
Reference
-0.01
.99
Reference
1.70
.09
Reference
0.57
.57
Reference
-0.45
.65
-0.48
.63
-1.68
.10
-0.95
.34
Reference
-1.88
.06

-0.58
-1.05

0.98
0.98

-0.59
-1.07

0.91
1.01
0.92

0.54
0.92
1.10

1.69
1.10
0.84

0.62
1.07
-2.85

0.57
0.84
1.22

.56
.29
Reference

.09
.27
.40
Reference
1.10
.27
1.27
.21
-2.35
.02*
Reference
Table 6 Cont’d
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IVs
Member of homeowners association
Consider joining homeowners
association
Own a residence

Yes
No
Yes
No
Yes
No

Estimate
-0.24

SE
0.62

0.60

0.57

-1.17

1.13

t value
-0.39

Intercept
19.68
1.79
Note. *p value < .05, observations used: 231, residual SE: 3.188, R2: 0.1985, Adj R2: 0.1052

p value
.70
Reference
1.05
0.30
Reference
-1.04
0.30
Reference
11.01
0.00*

After looking at the results of the multiple linear regression models for RQ1, I
rejected Null Hypothesis 1 and concluded that distance from an animal waste site or
agricultural property and the use of private wells for irrigation purposes had a statistically
significant effect on community perceptions.
Similar to the analysis performed for RQ1, I fitted a simple linear regression
model for each IV and total barrier score. In addition, I analyzed the data based upon the
categories and groupings of the respondents. A result of these regression models is shown
in Table 7. The mean total barrier score was higher by 1.45 among male respondents than
among female respondents. A stepwise increase in mean total barrier score also was seen
with each older age group. The mean total barrier score was higher by 2.56 among
respondents in the age group of 55 to 65 years than for respondents in the age group of 18
to 34 years (p value < .01). Similarly, respondents in the age groups of 65 to 74 years and
75 to 85 years had a mean total barrier score higher by 2.67 and 2.90, respectively, than
for respondents between the ages of 18 and 34 years (p value < .01). Respondents with a
bachelor’s degree or a graduate degree had a statistically significantly higher mean total
barrier score than respondents with a high school diploma or lower education did. In
addition, respondents living 5 to 10 miles or 10 to 15 miles from an animal waste site or

78
farmland had a higher mean total barrier score than respondents living within 5 miles of
an animal waste site or farmland (p value < .05)
Table 7
Simple Linear Regression Model With Total Barrier Score as Outcome Variable
IVs
Intercept
Irrigation use
Yes
Intercept
Domestic use
Yes
Community well
Intercept
source
Yes
Surface water
Intercept
source
Yes
Community water Intercept
and surface water
Yes
Private well
Intercept
source
Yes
Bottled water
Intercept
source
Yes
Intercept
Gender
Male
Age
Intercept
35-54 yr
55-65 yr
65-74 yr
75-85 yr
Education
Intercept
Some college courses
Bachelor’s degree
Graduate degree
LOS in county
Intercept

Distance from
animal waste site
or farmland
Member of
homeowners
association
Consider joining
homeowners
association

Own a residence

Beta estimate
15.89
0.46
15.67
0.7
16.31
-0.81
16.35
-1.63
16.35
-0.9
15.74
0.64
16.16
0.34
15.23
1.45
14.22
1.28
2.56
2.67
2.92
14.78
0.97
1.45
2.06
16.36

t value
39.18
1.02
33.86
1.4
89.52
-0.91
90.07
-1.91
88.32
-1.33
34.94
1.31
72.08
0.91
45.51
3.69
22.63
1.83
3.71
3.61
3.41
22.97
1.3
2.02
2.93
50.45

p value
< .01*
.31
< .01*
.16
< .01*
.37
< .01*
.06
< .01*
.19
< .01*
.19
<.01*
.36
< .01*
< .01*
< .01*
.07
< .01*
< .01*
< .01*
< .01*
.19
.04*
< .01*
< .01*

95% CI
15.09, 16.69
-0.43, 1.35
14.76, 16.58
-0.28, 1.69
15.95, 16.67
-2.58, 0.96
16, 16.71
-3.31, 0.05
15.98, 16.71
-2.24, 0.44
14.85, 16.62
-0.32, 1.61
15.71, 16.6
-0.39, 1.07
14.57, 15.89
0.67, 2.22
12.98, 15.46
-0.1, 2.67
1.2, 3.92
1.22, 4.13
1.23,4.61
13.51, 16.05
-0.5, 2.44
0.04, 2.86
0.67, 3.44
15.73, 17

> 10 yr
5-9 yr
< 5 yr
Intercept
> 5 to < 10 miles
> 10 to < 15 miles
> 15 miles
Intercept
Yes

-0.07
-0.45
-0.21
15.81
1.35
1.37
0.34
16.2
0.19

-0.16
-0.68
-0.25
71.62
3.18
2.21
0.44
71.37
0.53

.87
.5
.8
< .01*
< .01*
.03*
.66
< .01*
.6

-0.86, 0.73
-1.76,0.86
-1.86,1.44
15.37,16.24
0.51,2.19
0.15,2.6
-1.2,1.89
15.75,16.65
-0.53, 0.91

Intercept
Yes

16.04
0.51

64.47
1.43

< .01*
.15

15.55, 16.53
-0.19, 1.22
Table 7 Cont’d

Intercept

14.87

21.49

< .01*

13.51, 16.24
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IVs
Yes
Note. *p value < .05

Beta estimate
1.51

t value
2.11

p value
.04*

95% CI
0.1, 2.93

Multiple Linear Regression Model and Total Barrier Score
I fitted a multiple linear regression model to evaluate the hypothesis for RQ2. I
used the total barrier score as the outcome variable and age, gender, education, homeownership, length of stay in the area, distance from animal waste sites or agricultural
property, use of private well, source of drinking water, membership in homeowners or
landowners association, and desire to join homeowners or landowners association as the
IVs. Regression equation for this model was written as the following:
𝑇𝑜𝑡𝑎𝑙 𝐵𝑎𝑟𝑟𝑖𝑒𝑟 𝑆𝑐𝑜𝑟𝑒
= 𝛽𝐴𝑔𝑒 + 𝛽𝐺𝑒𝑛𝑑𝑒𝑟 + 𝛽𝐸𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛 + 𝛽𝐻𝑜𝑚𝑒𝑜𝑤𝑛𝑒𝑟𝑠ℎ𝑖𝑝 + 𝛽𝐿𝑒𝑛𝑔𝑡ℎ𝑜𝑓𝑠𝑡𝑎𝑦
+ 𝛽𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑇𝑜𝑊𝑎𝑠𝑡𝑒𝑆𝑖𝑡𝑒 + 𝛽𝐵𝑜𝑡𝑡𝑙𝑒𝑑𝑊𝑎𝑡𝑒𝑟 + 𝛽𝑝𝑟𝑖𝑣𝑎𝑡𝑒𝑊𝑒𝑙𝑙𝐷𝑟𝑖𝑛𝑘
+ 𝛽𝐶𝑜𝑚𝑚𝑢𝑛𝑖𝑡𝑦𝑊𝑒𝑙𝑙𝐷𝑟𝑖𝑛𝑘 + 𝛽𝑆𝑢𝑟𝑓𝑎𝑐𝑒𝑊𝑎𝑡𝑒𝑟𝐷𝑟𝑖𝑛𝑘
+ 𝛽𝐶𝑜𝑚𝑚𝑢𝑛𝑖𝑡𝑦𝑊𝑒𝑙𝑙𝑆𝑢𝑟𝑓𝑎𝑐𝑒𝑊𝑎𝑡𝑒𝑟𝐷𝑟𝑖𝑛𝑘 + 𝛽𝐼𝑟𝑟𝑖𝑔𝑎𝑡𝑖𝑜𝑛𝑈𝑠𝑒 + 𝛽𝐷𝑜𝑚𝑒𝑠𝑡𝑖𝑐𝑈𝑠𝑒
The mean total barrier score among male respondents was higher by 1.22 than for
female respondents. This effect of gender was adjusted for effects of other covariates in
the model and was still statistically significant (p value = .01). Likewise, after adjusting
for the effects of other IVs, the respondents who lived between 5 and 10 miles away from
an animal waste site or farmland had a mean total barrier score higher by 1.43 than for
respondents who lived within 5 miles of an animal waste site or farmland (p value = 0).
Respondents ages 75 years or higher had a greater mean total barrier score (higher by
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2.15) than respondents between the ages of 18 and 34 years did. The association between
age and total barrier score was statistically significant (p value < .05; see Table 8).
Table 8
Multiple Regression Model With Total Barrier Score as Outcome Variable
IV
Irrigation use
Domestic use
Community
well source
Surface
water source
Community
water and
surface water
Private well
source
Bottled water
source
Gender
Age

Education

LOS in
county

Distance
from animal
waste site or
farmland

Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Male
Female
35-54 yr
55-65 yr
65-74 yr
75-85 yr
18-34 yr
Some college
courses
Bachelor’s
degree
Graduate
degree
High school
diploma or
lower
> 10 yr
5-9 yr
< 5 yr
All my life
> 5 to < 10
miles
> 10 to < 15
miles
> 15 miles

Estimate
0.55

SE
0.50

t value
1.10

p value

-0.72

0.82

-0.88

-1.02

1.15

-0.89

-1.66

1.05

-1.59

-1.41

0.88

-1.60

-0.12

0.89

-0.14

0.14

0.40

0.36

1.22

0.45

2.71

0.88
1.65
1.72
2.15

0.91
0.90
0.95
1.10

0.97
1.83
1.80
1.95

0.32

0.85

0.37

.89
Reference
.72
Reference
.01*
Reference
.33
.07
.07
.05
Reference
0.71

0.54

0.80

0.68

0.50

0.94

0.81

1.17

.24

.27
Reference
.38
Reference
.38
Reference
.11
Reference
.11
Reference

Reference

-0.36
-0.43
1.18

0.44
0.76
0.90

-0.80
-0.57
1.31

1.43

0.47

3.05

.42
.57
.19
Reference
< .001*

1.17

0.69

1.69

.09

0.92

1.00

0.92

.36
Table 8
Cont’d
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IV

Member of
homeowner
association
Consider
joining
homeowner’s
association
Own a
residence

Estimate
< 5 miles
Yes
No

SE

t value

p value
Reference
.83
Reference

-0.11

0.51

-0.21

Yes
No

0.43

0.47

0.92

.36
Reference

Yes

0.61

0.93

0.66

.51

No
Reference
Intercept
12.78
1.47
8.70
< .001*
Note. p value < .05, observations used: 231, residual SE: 2.621, R2: 0.224, Adj. R2: 0.1336

According to the results in Table 8, I rejected Null Hypothesis 2 and concluded
that gender and distance from an animal waste site or farmland had a statistically
significant effect on total barrier score.
Results of the Pilot Study
As mentioned, I pilot tested the final version of the survey with 20 participants to
ensure that the questions were clear and reflected the RQs, and to determine the internal
consistency of the questionnaire. I would have added or removed questions to improve
the validity and reliability of the survey based upon the performance, suggestions, and
recommendations of the pilot study participants, but no such change was needed. I used
Cronbach’s alpha to determine that the coefficient for the internal consistency and
reliability of the two composite scores was .70 or more for the pilot study.
Data Collection
A total of 1,310 surveys were selected from a list of randomly selected 4,000
residents with private wells. The original list came from the OWRB’s public website. I
used Microsoft Excel’s RAND function to generate random numbers. I then assigned one
random number to each address where a private well was located using a function called
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INDEX.
The initial mailing list had 600 surveys. I received 100 surveys, but 110 surveys
were returned undelivered for several reasons: (a) not deliverable as addressed, (b) no
such street address, (c) vacant buildings, (d) no mail receptacle, (e) no such number, (f)
no such street, and (g) homeowners on vacation. A follow-up reminder letter was sent 2
weeks later to those on the first mailing list who has not yet completed and returned the
survey (see Appendix E). For the second mailing list, I sent out another 710 surveys (I
reused the 110 undelivered surveys plus another 600) to randomly selected participants.
Conclusion and Summary
Chapter 4 began with details about the data collection and descriptive analysis
processes. I used the t test and ANOVA to compare the mean total perception score and
total barrier score of each IV. I tested the two hypotheses using simple linear regression
and multiple linear regression, respectively. After adjusting for the effects of other
covariates in the model, I found that the respondents who used private wells for irrigation
had higher levels of perception about community collaboration to achieve groundwater
sustainability than respondents who did not (p value < .05). Similarly, respondents living
more than 15 miles away from an animal waste site or farmland had lower mean levels of
perception about community collaboration to achieve groundwater sustainability than
respondents living within 5 miles of an animal waste site or farmland did (p value < .01).
I rejected Null Hypothesis 1 and concluded that use of private wells for irrigation and
distance from an animal waste site or farmland was associated with community members’
perceptions of community collaboration to achieve groundwater sustainability.
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The regression analysis for RQ2 showed that after adjusting for the effects of
other covariates in the model, the male respondents had higher levels of perception of the
barriers to community collaboration to achieve groundwater sustainability than the
female respondents did (p value = .01). Likewise, after adjusting for the effects of other
IVs, the respondents who lived between 5 and 10 miles of an animal waste site or
farmland also had higher levels of perceptions of the barriers to community collaboration
to achieve groundwater sustainability than respondents who lived within 5 miles of an
animal waste site or farmland did (p value < .01). In addition, respondents ages 75 years
or higher had greater levels of perception of the barriers to community collaboration to
achieve groundwater sustainability (mean total barrier score higher by 2.15) than
respondents ages 18 to 34 years (p value < .05). I rejected Null Hypothesis 2 and
concluded that gender, age group, and distance from an animal waste site or farmland
were associated with perceptions to barriers to community collaboration to achieve
groundwater sustainability.
In Chapter 5, I discuss the results observed in this study and compare them to the
previous published literature. I also discuss the limitations of this study, explain the
implications, and offer recommendations for future research.
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Chapter 5: Discussion, Conclusions, and Recommendations
Introduction
The purpose of this quantitative study was to examine data describing nitrate
concentration and cases of congenital cardiac defects. I explored community members’
perceptions of community collaboration as a way of sustaining private water wells. I also
sought to determine whether certain demographic variables (e.g., gender, home
ownership and residence duration, education, and drinking water usage) influenced
individual perceptions of the ways in which communities could collaborate to mitigate
health threats in private well water sources or whether the variables revealed barriers to
such community collaboration that needed to be removed. I did not use the study to
determine causal relationships or associations because of data limitations or confounders.
As such, the study can serve only as a platform to generate hypotheses for future
research.
Interpretation of the Findings
I tested RQ1 and RQ2 with simple linear regression and multiple linear
regression. After adjusting for the effects of other covariates in the model, it became
evident that the respondents who used private wells for irrigation had higher levels of
perception about community collaboration to achieve groundwater sustainability
compared to respondents who did not use private well for irrigation (p value < .05).
Similarly, respondents living more than 15 miles away from an animal waste site or
farmland had lower mean levels of perception about community collaboration to achieve
groundwater sustainability than respondents living within 5 miles of an animal waste site
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or farmland (p value < .01). Hence, I rejected null hypothesis 1 and concluded that the
use of private wells for irrigation and distance from an animal waste site or farmland
were associated with community members’ perceptions of community collaboration to
achieve groundwater sustainability.
Regression analysis for RQ2 showed that, after adjusting for the effects of other
covariates in the model, the male respondents perceived higher level of barriers to
community collaboration to achieve groundwater sustainability than the female
respondents did (p value = .01). Likewise, after adjusting for the effects of other IVs, the
respondents who lived between 5 and 10 miles from an animal waste site or farmland
also had higher levels of perception of the barriers to community collaboration to achieve
groundwater sustainability than did the respondents who lived within 5 miles of an
animal waste site or farmland (p value < .01). In addition, the respondents age 75 years or
older had higher levels of perception of the barriers to community collaboration to
achieve groundwater sustainability (mean Total Barrier Score higher by 2.15) than
respondents between the ages of 18 and 34 years did (p value < .05). I rejected Null
Hypothesis 2 and concluded that gender, age group, and distance from an animal waste
site or farmland were associated with the perceptions of the barriers to community
collaboration to achieve groundwater sustainability.
As mentioned in Chapter 2, few researchers have conducted empirical studies
evaluating community members’ perceptions of collaboration in and barriers to the
management of health threats in private well water sources. There is a need for research
to generate information on community members’ perceptions of collaboration to achieve
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groundwater (i.e., private well water) sustainability as well as the barriers to such
collaboration among private well users in Oklahoma. Having a better understanding of
the opinions, knowledge, and perceptions of the stakeholders will help to ensure a
sustainable water system. The data generated from this study will be useful to future
researchers by providing an approach to outreach services that might have greater public
health benefits for private well users.
The importance of maintaining groundwater quality cannot be overemphasized.
Groundwater rules and the goals of the SDWA (1974, as cited in USEPA, 2006), which
stipulated that U.S. groundwater must be safe from contaminants and meet minimum
standards for drinking water. The findings of this study show how the participants
perceived environmental resources and natural hazards, as indicated by barriers to
community collaboration, such as proximity to an animal waste site or farmland,
especially those who lived further away from an animal waste site or farmland. On the
other hand, the participants who used private wells for irrigation and were much closer to
an animal waste site or farmland were more open to community collaboration than those
who did not use private wells for irrigation or lived further away from environmental
hazards. As such, the development of public policy that increases awareness of
groundwater contaminants with respect to rural communities could help to inform the
users of private wells in Oklahoma.
H01: Community perceptions are not affected by any demographic factors of the
sample. Therefore, I rejected the null hypothesis.
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Ha1: Community perceptions are affected by at least one of the demographic
factors of the sample. Therefore, I accepted the alternative hypothesis.
H02: Community barriers to stakeholders’ collaboration are not affected by any
demographic factors of the sample. Therefore, I rejected null hypothesis.
Ha2: Community barriers to stakeholders’ collaboration are affected by at least
one of the demographic factors of the sample. Therefore, I accepted the alternative
hypothesis.
Limitations of the Study
The study had several limitations: (a) The problem of nitrate in Oklahoma private
water wells might have been unique to the state; (b) a cross-sectional design was
appropriate for this study because of its descriptive and exploratory nature (Creswell,
2009), which allowed me to use my limited time and funding to gather, analyze, and
interpret data from a sample, even though generalization of the results was limited; and
(c) individuals eligible to be in the sample might not have been willing to participate
because it was a voluntary, not a mandatory, exercise. The study reflected only the views
of the individuals who participated. The results of this study might not be generalizable to
other parts of the United States because conditions and other environmental factors might
be different. I also described nitrate concentration and cases of congenital cardiac defects
across the state. Because of limitations of data, confounders, and the complexity of the
study, I described only the nature of existing data on nitrate concentration and cases of
congenital cardiac defects.
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Recommendations
Recommendations for Action
1. Advocate for increased public health awareness of the important health
benefits of testing private wells on a routine basis for rural communities.
2. Encourage different levels of government to educate the general public,
especially private water well users, on the need to collaborate on the
management of wells by providing information about ways to access
information on their websites.
3.

Support homeowners associations in their efforts to provide links to public
website for information on private well maintenance.

4. Encourage cities to consider putting several groundwater monitoring wells
and installing transducers or using existing wells and providing groundwater
level information on their websites or billboards to raise public awareness and
interest in groundwater levels and conservation when water use is high and
groundwater levels are declining. This endeavor will provide real-time
information on groundwater depletion and the need for conservation.
5. Solicit help from local, state, and federal governments to test private wells for
bacteria and other contaminants as a public health service, or lobby
government to provide a link where private owners can get information on
where to take their water samples for testing.
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Recommendations for Future Research
1.

Research private well users focusing on income, education, and water use
and water quality outside Oklahoma County.

2.

Obtain community members’ perceptions of collaboration to achieve
groundwater (i.e., private well water) sustainability and the perceived
barriers to such collaboration among private well users in larger and more
geographically heterogeneous populations in Oklahoma or the broader
United States.

3.

Explore factors/variables not considered in this study, but could be
associated with perceptions of community collaboration and barriers to
collaboration in future research.
Implications for Positive Social Change

The implications for positive social change include increased understanding of
stakeholders’ perceptions of private well nitrate contamination and reduction of the risk
factors for birth defects. This study might lead to positive social change in that it could
provide (a) a more in-depth understanding of nitrate exposure in private wells, (b) more
information on the evidence-based environmental decision-making process used to
mitigate health threats through community collaboration, and (c) an approach to outreach
services that might provide greater public health benefits for Oklahoma private well
users. By identifying the participants’ perceived attitudes and barriers to community
collaboration among private well owners, I believe that this study can present
opportunities for health agencies to provide adequate public health services and increase
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awareness to the general public.

Conclusion
Potential threats to groundwater quality are a public health concern that could
affect the health of a community, especially in rural areas, where it is not common
practice for private well users to test for contaminants (DeSimone, 2009; Embrey &
Runkle, 2006). For instance, the United States has no universal standards for testing
private wells (Imgrund et al., 2011), even in real estate transactions (Hoppe et al., 2011;
Rogan & Brady, 2009). Although individual states have standards related to private well
testing for environmental contaminants, the different jurisdictions have their own
standards. The lack of a uniform standard for private well testing is the result of no
federal or state regulations on private wells in the United States (Imgrund et al., 2011);
however, some states have started to move in this direction. For well owners,
inconvenience, lack of awareness, and time are the challenges to private well testing
(Hexemer et al., 2008). Despite these barriers, it is important to test all public and private
wells for nitrates because a high concentration of nitrate in groundwater has been linked
to such health outcomes as methemoglobinemia, birth defects, and cancer (Arbuckle,
1988; Fewtrell, 2004; Manassaram et al., 2006).
I examined community members’ perceptions of collaboration in and barriers to
the management of health threats in private well water sources. Results were generated
on community members’ perceptions of collaboration to achieve groundwater (i.e.,
private well water) sustainability and the perceived barriers to such collaboration among
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private well users in Oklahoma. The data generated from this study will be useful in
facilitating the design and implementation of effective public health outreach services for
greater public health benefits for private well users. The results indicated that gender, age
group, and distance from an animal waste site or farmland were perceived as barriers to
community collaboration to achieve groundwater sustainability. Respondents who used
private well for irrigation had higher levels of perceptions of community collaboration
than respondents who did not use private well for irrigation. In addition, the use of
private wells for irrigation and distance from an animal waste site or farmland were
associated with community members’ perceptions of community collaboration to achieve
groundwater sustainability.
Overall, this study showcased the need for policymakers to develop or
improve awareness and education programs that could encourage private well users to
take the steps necessary to ensure that their private water systems are safe (Charrois,
2010; Hexemer et al., 2008; Knobeloch, Christenson, Anderson, & Gorski, 2013;
Swistock, Clemens, Sharpe, & Rummel, 2013), even though they are not regulated. A
total of 36.6% (n = 89) used bottled water for drinking; 84.4% (n = 205) used private or
domestic wells for drinking; 43% of households used either private or domestic well and
bottle water for drinking; and 15.2% (n = 37) used public water supplies (i.e., community
wells, surface water, or community wells and surface water). The reason for high
consumption of bottle water among the respondents may be beyond the scope of this
study. Future research should explore these unknown factors. Public education messages
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directed at private well owners that highlight the importance of routine testing should
also encourage community collaboration among private well users.
Multiple linear regression model for RQ1 showed that a 20% variability in total
perception score was explained by age, gender, education, home ownership, length of
stay in the area, distance from animal waste site or agricultural property, use of private
well, source of drinking water, membership in homeowners or landowners association,
and desire to join homeowners or landowners association (R2 for model for
RQ1 = 0.1985, or 19.85%). The model for RQ2 suggested that a more than 22%
variability in total barrier score was explained by these IVs (R2 for model for
RQ2 = 0.224, or 22.4%). This result suggested that some factors/variables not considered
in this study were associated with the respondents’ perceptions of community
collaboration and barriers to groundwater sustainability. These unknown factors should
be explored in future research.
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Appendix A: Available Private Wells Nitrate Data for Counties in Oklahoma 1999-2008
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Appendix B: Congenital Heart Defects Data for Oklahoma 1999-2008

Congenital heart defects/1,000 live births
Year
Transposition of great
arteries

1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

0.39

0.52

0.44

0.58

0.47

0.59

0.64

0.67

0.40

0.51

Tetralogy of fallot
Pulmonary valve atresiastenosis
Hypoplastic left heart
syndrome

0.45

0.44

0.56

0.36

0.33

0.41

0.44

0.43

0.44

0.53

0.52

0.66

0.90

0.54

0.77

0.78

0.56

0.70

0.49

0.53

0.23

0.22

0.22

0.14

0.37

0.29

0.29

0.31

0.15

0.13

Endocardial cushion defect

0.43

0.66

0.58

0.56

0.43

0.47

0.41

0.28

0.36

0.51

Carctation of aorta

0.52

0.44

0.46

0.54

0.53

0.49

0.58

0.59

0.45

0.58

Aortic valve stenosis
Ventricular septal defect
(VSD)

0.45

0.34

0.44

0.44

0.51

0.33

0.39

0.37

0.27

0.24

4.89

4.49

4.74

4.71

5.17

5.26

5.39

5.33

4.79

5.10

Atrial septal defect (ASD)
3.96 4.89 6.50 6.28 7.47 7.70 6.68 5.41
6.53
Source of birth data: Pearson, K. A. (2011). Oklahoma State Department of Health: Oklahoma Birth
Defects Registry. Retrieved from http://www.nbdpn.org/

6.63

Trend
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Appendix C: Sustainability and Community Collaboration Survey
Introductory letter is included in this survey. Please read before completing the
survey questionnaire.
Section A. Definitions and Background Information
For the purposes of this survey, please refer to the following definitions:
Community perceptions: These refer to how communities understand and feel
about the environment where they live (i.e., Ground water resources).
Sustainable groundwater or maintainable groundwater: A water source that
meets the health needs of the present without compromising the ability of future
generations to meet their water needs; water source to maintain human health and
ecosystem health, and be available for future use.
Restriction of use of groundwater or limitation of use of groundwater: Laws or
regulations that limit or prohibit the use of private well water by the public.
Community collaboration stakeholders or community cooperation of
stakeholders: A process of water system management in which government managers
and the public work together to achieve sustainable or maintainable groundwater.
Please answer the following questions:
Gender: Please circle: M / F
Age: (Please check one):
____18 -34 years
____ 35-54 years
____ 55- 64 years
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____ 65-74 years
____ 75-85 years
Do you own your own residence? Yes / No
What is the highest level of education you have achieved (check one only):
____ No high school diploma
____ High school diploma
____ Some college courses
____ Bachelor’s degree
____ Graduate degree
How long have you lived in your county? (Please check the one that applies):
____ All my life
____ Greater than 10 years
____ 5 to 9 years
____ Less than 5 years
Approximately how far do you live from an animal waste site or farmland? (Check the
one that applies):
____Less than 5 miles
____Greater than 5 miles but less than 10 miles
____Greater than 10 miles but less than 15 miles
____Greater than 15 miles
For which of the following activities do you use private well water (check all that apply):
____ Irrigation (including lawn watering)
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____ Domestic use
____Other (please specify):____________
Where do you get your drinking water? (Please check all that apply):
____ Public water supply (community wells only)
____Public water supply (surface water only)
____Public water supply (surface water and community well)
____ A private well
____ Bottled water
____Don’t know
Are you currently a member of a homeowners association? Yes / No
Would you consider joining a homeowners association? Yes / No
Section B. Community Collaboration and Restriction of Use
Please rate your level of agreement with the following statements on a scale from 1 to 5
by circling the appropriate number. Please respond to every question, circling “3” if you
are unsure.
1 = strongly disagree
2 = disagree
3 = neither disagree nor agree, or unsure
4 = agree
5 = strongly agree
1. It is not possible to have sustainable groundwater without community collaboration
12345
2. Restricting private use of groundwater is not as good as increasing community
collaboration 1 2 3 4 5
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3. It is realistic to think that true community collaboration can be developed 1 2 3 4 5
4. Community collaboration is critical to developing sustainable groundwater 1 2 3 4 5
5. Community collaboration is all that is needed to develop sustainable groundwater
12345
6. Restricted use (such ban drilling permit or irrigation) is not the best method to develop
sustainable groundwater 1 2 3 4 5
Section C. Possible Barriers to Community Collaboration
Please rate your level of agreement with the following statements on a scale from 1 to 5
by circling the appropriate number: Please respond to every question, circling “3” if you
are unsure.
1 = strongly disagree
2 = disagree
3 = neither disagree nor agree, or unsure
4 = agree
5 = strongly agree
1. Managers of groundwater systems do not actively encourage community collaboration
12345
2. Private well owners are not given enough information on private water wells to make
informed environmental decisions 1 2 3 4 5
3. The restrictions placed on water use are major and unacceptable as a method to
manage the ground water system 1 2 3 4 5
4. The people who live in this area are not the ones who negatively affect the water
quality 1 2 3 4 5
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5. The individuals in this community do not have much contact with each other about
anything 1 2 3 4 5
Are there any other barriers that you believe get in the way of effective community
collaboration? If so, please describe them here:
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
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Appendix D: Permission to Modify and Use Survey Instrument

Dear Augustus,
Yes of course you may modify my survey instrument to fit your
research. I would expect that.
Best regards,
David
On 3/25/12, Augustus Jaja <augustus.jaja@waldenu.edu> wrote:
> Dr. Mulhearn,
>
> After reviewing your survey instrument, there is a need for some
> modification of the survey tool to fit my research need. For this reason, i
> am seeking permission from you to modify the instrument to address private
> well users. If you grant me the permission; i will add additional
> questions, and in some cases; questions that does not address private water
> wells users and related research questions will be removed. I will also
> make available the modified version of the instrument to you. I welcome your
> assistance in this matter, and any direction you might offer. Please feel
> free to contact me via augustus.jaja@waldenu.edu or i can also be reached at
> 405-822-4558.
>
> Thanks,
>
> Augustus JaJa, PhD. Candidate
> Walden university College of Health Sciences.
>
>
>
>
>
> Original E-mail
> From :David Mulhearn <mulhearn@maine.edu>
> Date :02/15/2012 05:26 PM
> To :Augustus Jaja <augustus.jaja@waldenu.edu>
> Subject :Re: Survey Instrument (Questionnaire)
>
>
> Dear Augustus,
>
> I am pleased to read that you are interested in pursuing a similar
> research direction. As you aptly state, reaching sustainability of
> water resources must embrace an understanding of the stakeholders
> perceptions. Unfortunately there has been little done to explore the
> issue. As a result I produced the instrument used in my research,
> tested it and used it for the study. You may use it, if you find that
> it fits your study. I would of course ask that you credit it to me. If
> you have obtained a copy of my dissertation you must have seen that
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> the instrument is included in the appendix.
>
> When I had completed my research I had thought it would be interesting
> to see further research of this type done in the area of well users. I
> wish you success.
>
> If I can help in any further way don't hesitate to ask,
>
> Regards,
> David
>
>
>
> On 2/15/12, Augustus Jaja wrote:
>>
>>
>> Dr. Mulhearn,
>>
>> My name is Augustus JaJa and I am a PhD Candidate at Walden University. I
>> have a bachelor's degree in both Chemistry and Environmental Health
>> Science
>> and masters of business administration (MBA). My background is in
>> environmental chemistry. Currently, I work as analytical chemist with City
>> of Edmond water resources Department in Oklahoma.
>> I am interested in pursuing my dissertation in the area of private well
>> user’s perceptions of groundwater Nitrate concentration, cooperation, and
>> barriers to management of health threats to sources of their drinking
>> water.
>> Understanding stakeholders’ perception is critical to achieve
>> sustainability. I have been searching for an instrument that would explore
>> perception of private well users and environmental decision making in
>> rural
>> area.
>> I was delighted when I read your Dissertation titled “Community
>> Collaboration and Restriction of Use for the control of invasive threats
>> in
>> multipurpose Reservoir”. I am wondering if the questionnaire is available
>> for use? I appreciate your assistance in this matter and any direction you
>> might offer. Please feel free to contact me at Augustus.jaja@waldenu.edu
>> I
>> can also be reached at 405-822-4558
>>
>> Sincerely,
>>
>> Augustus JaJa, PhD. Candidate
>> Walden University
>> College of Health Sciences
>
>
> -> Dr David T. Mulhearn
> Ms Debra Koceika
>
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> 3165 East University Dr. #307
> Mesa, Arizona 85213
>
> 207 233 2576

-Dr David T. Mulhearn
Ms Debra Koceika
3165 East University Dr. #307
Mesa, Arizona 85213
207 233 2576
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Appendix E: Follow-Up Letter
Sustainability and Community Collaboration Study of Private Water Wells in Oklahoma
Dear Resident:
Several weeks ago you were asked to participate in a research study conducted by
Augustus JaJa, PhD student in the School of Public Health at Walden University. The
researcher invited you because Knowledge, Opinions, and Perceptions of Oklahomans
over the age of 18 are important. A copy of permission to conduct research was enclosed
with survey questionnaire.
This study of sustainability and community collaboration of Private Water Wells
in Oklahoma hopes to fill the gaps in the literature and provide scientifically based
knowledge regarding perceptions of our groundwater quality thus helping to promote
good environmental stewardship.
As a resident in this community, your views about private well sustainability are
critically important. A postage paid envelope was enclosed for your convenience. I hope
you will complete and return the survey to me so that I may include your response on
how we may promote groundwater sustainability.

Thank you for your assistance.
Sincerely,
Augustus JaJa, PhD Candidate
School of Health Sciences
Walden University
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